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ABSTRACT
The lo n g  r u n  o b j e c t i v e s  of  p r o f i t a b i l i t y  and s u r v i v a l  o f  a 
m a n u f a c t u r i n g  f i r m  a r e  i n t e g r a l l y  l i n k e d  w i t h  t h e  economic c o n t r o l  
o f  t h e  p r o d u c t s  produced  and marke ted  by t h e  f i r m .  Many such  f i r m s  
have  been s u c c e s s f u l  in  c o n t r o l l i n g  p r o d u c t  q u a l i t y  w h i l e  u s i n g  gauge 
o r  v i s u a l  i n s p e c t i o n  a lm o s t  e x c l u s i v e l y .  T h i s  s tu d y  d e m o n s t r a t e s ,  
however ,  t h a t  t h e  u se  o f  s t a t i s t i c a l  q u a l i t y  c o n t r o l ,  r a t h e r  t h a n  
s o l e  r e l i a n c e  upon i n s p e c t i o n ,  r e s u l t s  i n  more r e a l i s t i c  management 
d e c i s i o n s  w i th  r e g a r d  t o  p r o d u c t  q u a l i t y .  The i m p le m e n ta t i o n  o f  t h e s e  
d e c i s i o n s  can r e s u l t  i n  (1 )  t h e  e l i m i n a t i o n  o f  1007. i n s p e c t i o n ,  (2)  
l e s s  t o t a l  i n s p e c t i o n ,  ( 3 )  r ed u ce d  p r o d u c t i o n  c o s t ,  (4)  a change  i n  
d e s i g n  s p e c i f i c a t i o n s ,  and (5 )  improved q u a l i t y - m i n d e d n e s s  on t h e  
p a r t  o f  o p e r a t i v e  and s u p e r v i s o r y  p e r s o n n e l .
D e s c r i p t i o n s  o f  t h e  n a t u r e ,  f o r m a t ,  and l i m i t a t i o n s  o f  t h i s  
s tu d y  i n  t h e  i n t r o d u c t i o n  a r e  f o l l o w e d  by a  s k e t c h  o f  t h e  development 
o f  s t a t i s t i c a l  q u a l i t y  c o n t r o l .  N ex t ,  t h e  b a s i c  s t a t i s t i c a l  c o n c e p t s  
and t e c h n i q u e s  a p p l i c a b l e  t o  q u a l i t y  c o n t r o l  a r e  b r i e f l y  p r e s e n t e d .
The e f f e c t i v e  use  o f  s t a t i s t i c a l  t e c h n i q u e s  i n  t h e  economic 
c o n t r o l  of  q u a l i t y  b e g i n s  w i t h  t h e  r e c o g n i t i o n  o f  i n t r i n s i c  v a r i a t i o n ,  
f o l l o w e d  by t h e  p r o v i s i o n  o f  a  s t a t i s t i c a l  q u a l i t y  c o n t r o l  s t a f f  and 
t h e  m a in te n a n c e  o f  an  a c t i v e  q u a l i t y  c o n t r o l  p rogram;  t h e s e  c o n c e p t s  
a r e  p r e s e n t e d  i n  t h i s  s tu d y  i n  view o f  r e c o g n i z e d  p r i n c i p l e s  and 
i n d u s t r i a l  p r a c t i c e .
x i v
The a n a l y t i c a l  p o r t i o n  o f  t h i s  s t u d y  i s  c o n c e rn e d  w i t h  t h e  
a p p l i c a t i o n  o f  s t a t i s t i c a l  t e c h n i q u e s  t o  m a n u f a c t u r i n g  p r o c e s s e s  i n  
a  m a s s - p r o d u c in g  p l a n t .  The p r o d u c t ,  t h e  rock  b i t ,  i s  t h e  t o o l  which 
a c c o m p l i s h e s  t h e  c u t t i n g  a c t i o n  i n  d r i l l i n g  f o r  p e t ro l e u m .  One of  t h e  
p r i n c i p a l  components which d e t e r m i n e s  t h e  f i e l d  p e r fo rm a n c e  o f  rock 
b i t s  i s  t h e  r o l l e r  b e a r i n g ,  and t h i s  s tu d y  i s  l i m i t e d  t o  t h e  p ro d u c ­
t i o n  o f  t h e  r o l l e r  r a c e s  o f  r o c k  b i t s .  A l th o u g h  t h e  s e l e c t e d  f i r m  has  
en jo y ed  an e x c e l l e n t  r e c o r d  o f  f i e l d  p e r fo rm a n ce  o f  i t s  p r o d u c t ,  t h i s  
s tudy  shows t h a t  t h e  r e c o r d  can  be m a in t a i n e d  b u t  w i t h  l e s s  c o s t  and 
improved q u a l i t y .
The c o n v e n t i o n a l  t e c h n i q u e s  of  q u a l i t y  c o n t r o l  were used  in  
t h e  a n a l y s i s ,  b u t  t h e  s t u d y  a l s o  i n t r o d u c e s  t h e  u s e  o f  Monte C a r lo  
t e c h n i q u e s  i n  s i m u l a t i n g  d a t a  which can n o t  be e a s i l y  o r  e c o n o m ic a l ly  
o b t a i n e d  i n  p r a c t i c e .
The good o v e r - a l l  q u a l i t y  r e c o r d  o f  t h e  f i r m  r e f l e c t s  q u a l i t y -  
ra indedness  on t h e  p a r t  o f  t o p  management and i s  m a n i f e s t e d  i n  t h e  
s e l e c t i o n  o f  a q u a l i t y  c o n t r o l  manager w i t h  e x c e l l e n t  t e c h n i c a l  and 
human r e l a t i o n s  s k i l l s  and t h e  p la c e m e n t  o f  t h e  q u a l i t y  c o n t r o l  
d e p a r tm e n t  i n  an e f f e c t i v e  o r g a n i z a t i o n a l ' ,  p o s i t i o n .  Cos t  r e d u c t i o n s  
and q u a l i t y  improvements  c a n ,  n e v e r t h e l e s s ,  be o b t a i n e d ,  and t h e s e  
h in g e  upon t h e  s o l u t i o n  o f  a  b a s i c  human r e l a t i o n s  p rob lem  and a 
r e v ie w  o f  d e s i g n  s p e c i f i c a t i o n s .
t
The r e s u l t s  o f  t h i s  s t u d y  s u g g e s t  c e r t a i n  recommendat ions  f o r  
a c h i e v i n g  t h e  i n d i c a t e d  im provements  and t h e s e  a r e  p r e s e n t e d  a s  a 
b a s i s  f o r  d e c i s i o n s  by management.
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CHAPTER I
INTRODUCTION
C o n t r o l  o f  q u a l i t y  h a s  b e e n  a p r im e  c o n s i d e r a t i o n  i n  i n d u s t r i a l  
p r o d u c t i o n  s i n c e  m a n ' s  f i r s t  c r u d e  a t t e m p t s  a t  m a n u a l l y  d u p l i c a t i n g  
o b j e c t s .  Q u a l i t y  c o n t r o l  t e c h n i q u e s  h a v e  pa c e d  t h e  g ro w th  o f  i n d u s t r y  
f rom h a n d i c r a f t  t o  modern  t e c h n o l o g y .  I n i t i a l l y ,  q u a l i t y  c o n t r o l  was 
l a r g e l y  v i s u a l  i n s p e c t i o n ,  b u t  by t h e  m i d - 1 8 0 0 ' s  t h e  c o n c e p t  o f  
t o l e r a n c e s  and t h e  i n v e n t i o n  o f  m e a s u r i n g  d e v i c e s  e n a b l e d  more  p r e c i s e  
d e t e r m i n a t i o n  o f  q u a l i t y .  A lmost  a  c e n t u r y  l a t e r  s t a t i s t i c a l  laws 
w e re  merged  w i t h  q u a l i t y  c o n t r o l  by W a l t e r  A. S h e w h a r t  i n  t h e  form o f  
t h e  f i r s t  s t a t i s t i c a l  q u a l i t y  c o n t r o l  c h a r t .  T oday ,  q u a l i t y  c o n t r o l  
i n  m a n u f a c t u r i n g  i n d u s t r i e s  em ploys  a  v a s t  a r r a y  o f  s p e c i a l i z e d  
I n s p e c t i o n  eq u ip m e n t  p l u s  t h e  know ledge  o f  s t a t i s t i c a l  l a w s  a p p l i c a b l e  
t o  t h e  s t u d y  o f  p r o d u c t  v a r i a t i o n .
P e r h a p s  t h e  most  f u n d a m e n t a l  c o n c e p t  i n  t h e  s t u d y  o f  t h e  c o n ­
t r o l  o f  q u a l i t y  o f  d u p l i c a t e  o b j e c t s  i s  t h e  v a r i a t i o n  w h ic h  i s  i n h e r e n t  
i n  a l l  p r o d u c t i v e  p r o c e s s e s *  V a r i a t i o n  was p r e s e n t  i n  t h e  e a r l i e s t  
a t t e m p t s  a t  d u p l i c a t i o n  a s  i t  i s  t o d a y  i n  m o d e m  p r o d u c t i v e  p r o c e s s e s .  
S i n c e  some v a r i a t i o n  w i l l  a l w a y s  be  p r e s e n t  i n  d u p l i c a t i n g  o b j e c t s ,  
i t  i s  d e s i r a b l e  t o  d e t e r m i n e  t h e  e x t e n t  o f  no rm al  random  v a r i a t i o n  a s  
w e l l  a s  t h e  v a r i a t i o n  w h ic h  c a n  be  e x p l a i n e d  and a s s i g n e d  t o  nonranddtn 
s o u r c e s .  I f  a  p r o c e s s  r e f l e c t s  o n l y  n o r m a l ,  random v a r i a t i o n  t h e  
p r o c e s s  i s  s a i d  t o  be i n  s t a t i s t i c a l  c o n t r o l .  A p r o c e s s  i n  s t a t i s t i c a l
c o n t r o l  w i l l  p r o d u c e  i t e m s  i n  a p r e d i c t a b l e  p a t t e r n ,  and  t h i s  p a t t e r n  
r e p r e s e n t s  t h e  b e s t  o v e r - a l l  q u a l i t y  p o s s i b l e  f ro m  t h e  p r o c e s s .  A 
s t a t i s t i c a l l y  u n s t a b l e  p r o c e s s ,  c o n v e r s e l y ,  w i l l  p r o d u c e  i t e m s  i n  a 
l e s s  p r e d i c t a b l e  p a t t e r n .  The number o f  i t e m s  o f  u n a c c e p t a b l e  q u a l i t y  
p ro d u c e d  by s t a b l e  o r  u n s t a b l e  p r o c e s s e s  w i l l ,  h o w e v e r ,  d epend  upon 
t h e  s p e c i f i c a t i o n  l i m i t s  e s t a b l i s h e d  f o r  t h e  i t e m s .  I n  any c a s e ,  t h e  
d e t e r m i n a t i o n  o f  t h e  e x i s t e n c e  o f  s t a t i s t i c a l  c o n t r o l ,  o f  s h i f t s  in  
p r o c e s s  v a r i a t i o n ,  o r  o f  c h a n g e s  i n  o t h e r  p r o c e s s  c h a r a c t e r i s t i c s  i s  
e n a b l e d  t h r o u g h  t h e  u s e  o f  s t a t i s t i c a l  q u a l i t y  c o n t r o l  t e c h n i q u e s .
The b e n e f i t s  o f  e m p lo y in g  s t a t i s t i c a l  q u a l i t y  c o n t r o l  t e c h ­
n i q u e s  a r e  m a n i f o l d .  An o b v i o u s  a d v a n t a g e  i n  u s i n g  t h e  t e c h n i q u e s  
l i e s  i n  t h e  im provement o f  q u a l i t y  o f  p r o d u c t s .  P r o d u c t s  o f  u n a c c e p t ­
a b l e  q u a l i t y  can  be r e d u c e d  t o  a minimum. S h i f t s  i n  p r o c e s s  c h a r a c ­
t e r i s t i c s  f o r e w a r n  management o f  d i f f i c u l t i e s  i n  t h e  p r o c e s s  and 
p o s s i b l e  f u t u r e  p r o b l e m s .  I n s p e c t i o n  c o s t s  c a n  be  r e d u c e d  on t h e  b a s i s  
o f  s t a t i s t i c a l  s t u d i e s .  T o l e r a n c e s  c a n  be r e v i e w e d  and som e t im e s  
changed  i n  a c c o r d  w i t h  t h e  r e s u l t s  o f  p r o c e s s  a n a l y s i s .  H i g h e r  q u a l i t y  
o f  p r o d u c t i o n  i s  a  f a c t o r  i n  t h e  m o r a l e  o f  e m p lo y e e s .  Fewer  r e j e c t i o n s  
and l e s s  s c r a p  e n a b l e  r e d u c t i o n s  i n  p r o d u c t i o n  c o s t s .  C o n s i s t e n t l y  
h i g h  l e v e l s  o f  o u t g o i n g  q u a l i t y  p r o v i d e  an  e x c e l l e n t  m a r k e t i n g  
a d v a n t a g e .  Many more a d v a n t a g e s  c o u l d  be c i t e d .
P r o f e s s o r  J o s e p h  M. J u r a n  o f  New York U n i v e r s i t y  w r i t e s  t h a t  
e a c h  y e a r  $500 t o  $ 1 , 0 0 0  i n  goods  of  u n a c c e p t a b l e  q u a l i t y  p e r  p ro d u c ­
t i v e  w o r k e r  a r e  p r o d u c e d  and t h a t  h a l f  t h a t  amount c o u ld  be s a v e d  by 
q u a l i t y  c o n t r o l .  The t o t a l  i n d u s t r y  s a v i n g  i s  e s t i m a t e d  b e tw ee n
$2 b i l l i o n  a n d  $3 b i l l i o n  a y e a r . 1 I n  view o f  t h e s e  e s t i m a t e s  i t  would 
a p p e a r  t h a t  managers  e v e rw h e re  s h o u l d  employ s t a t i s t i c a l  q u a l i t y  
c o n t r o l  t e c h n i q u e s  t h r o u g h  t h e  m a i n t e n a n c e  o f  a  s t a t i s t i c a l  q u a l i t y  
c o n t r o l  s t a f f  in  t h e i r  p l a n t s  and f a c t o r i e s .  I t  i s  a p p a r e n t ,  how ever ,  
t h a t  f u l l  u s e  i s  n o t  b e i n g  made o f  t h e  t e c h n i q u e s  and many p o t e n t i a l  
s a v i n g s  a r e  b e i n g  l o s t .
I t  i s  im p o r t a n t  t o  m e n t io n  t h a t  u t i l i z i n g  p r o d u c t  i n s p e c t i o n  
i s  no t  t h e  same a s  e m p lo y in g  s t a t i s t i c a l  q u a l i t y  c o n t r o l .  W i th o u t  
q u e s t i o n ,  t h e  use  o f  p r o d u c t  i n s p e c t i o n  i s  b e n e f i c i a l ;  b u t  s t a t i s t i c a l  
q u a l i t y  c o n t r o l  t e c h n i q u e s  can d e t e r m i n e  t h e  p r o p e r  amount o f  i n s p e c ­
t i o n  which s h o u ld  be u s e d  and p r o v i d e  sam p l in g  i n s p e c t i o n  p l a n s  f o r  
a  wide r a n g e  o f  c i r c u m s t a n c e s .
P u rp o s e  o f  t h e  S tudy
S t a t i s t i c a l  q u a l i t y  c o n t r o l  p r o v i d e s  a s c i e n t i f i c  means of  
a n a l y z i n g  p r o c e s s e s  f o r  t h e  c o n t r o l  o f  q u a l i t y .  I n  v iew o f  t h e  
b e n e f i t s  t o  be  g a in e d  f ro m  th e  u s e  o f  t h e  t e c h n i q u e s ,  some o f  which  
h ave  a l r e a d y  been  m e n t i o n e d ,  i t  i s  d e s i r a b l e  t o  d e m o n s t r a t e  t h a t  
t h e s e  b e n e f i t s  can be a c h i e v e d  by u s i n g  t h e  s c i e n t i f i c  t e c h n i q u e s  i n  
a  m a n u f a c t u r i n g  p l a n t .  C o n s i d e r a b l e  l i t e r a t u r e  h a s  been  d e v o t e d  to  
t h e  g e n e r a l  s u b j e c t  o f  q u a l i t y  c o n t r o l  i n  i t s  v a r i o u s  m a n i f e s t a t i o n s .  
Most  c a s e  s t u d i e s  a r e  c o n c e r n e d  w i t h  t h e  a p p l i c a t i o n  o f  s t a t i s t i c a l  
q u a l i t y  c o n t r o l  t e c h n i q u e s  t o  a p l a n t  which had  a p oo r  q u a l i t y  r e c o r d  
and  an a l m o s t  com ple te  a b s e n c e  o f  an  o r g a n i z e d  q u a l i t y  c o n t r o l  p rog ram .  
T h i s  s tu d y  f a l l s  i n t o  t h e  c a t e g o r y  o f  such l i t e r a t u r e ,  b u t  i t s  p u r p o s e
^Acheson J .  D uncan,  Q u a l i t y  C o n t r o l  and  I n d u s t r i a l  S t a t i s t i c s  
(Homewood, I l l i n o i s :  R i c h a r d  D. I r w i n ,  I n c . ,  1 9 5 9 ) ,  p .  7.
i s  d i f f e r e n t .  T h i s  s t u d y  shows t h a t  a l t h o u g h  p r o d u c t  i n s p e c t i o n  p r o c e ­
d u r e s  h a v e  b e e n  u s e d  e x t e n s i v e l y  i n  a  l a r g e  m a s s  p r o d u c i n g  p l a n t  and  
t h a t  o u t g o i n g  p r o d u c t  h a s  b e e n  o f  e x c e l l e n t  q u a l i t y ,  t h e  u s e  o f  
s t a t i s t i c a l  q u a l i t y  c o n t r o l  t e c h n i q u e s  do y i e l d  c o s t  r e d u c t i o n s  a n d  
f u r t h e r  q u a l i t y  im p r o v e m e n t s .  I n  a d d i t i o n  t o  t h e  a t t e n t i o n  p l a c e d  
o n  t h e  q u a n t i t a t i v e  a s p e c t s  o f  t h e  a n a l y s i s ,  t h e  s t u d y  show s  t h a t  t h e  
human e l e m e n t  i s  a  key  f a c t o r  i n  d e t e r m i n i n g  w h e t h e r  maximum q u a l i t y  
a t  minimum c o s t  w i l l  b e  a c h i e v e d .
T h i s  s t u d y  e m p lo y s  many o f  t h e  s t a t i s t i c a l  t o o l s  f r e q u e n t l y  
u s e d  i n  q u a l i t y  c o n t r o l  s t u d i e s .  Most  e x t e n s i v e l y  u s e d  a r e  c o n t r o l  
c h a r t s  f o r  v a r i a b l e s ,  w h i l e  c o n t r o l  c h a r t s  f o r  a t t r i b u t e s ,  g r a p h i c  
p r e s e n t a t i o n s ,  a n a l y s i s  o f  v a r i a n c e ,  and c u m u l a t i v e  f r e q u e n c y  o r  
" p a r e t o "  d i s t r i b u t i o n  t e c h n i q u e s  a r e  a l s o  u t i l i z e d .  A f e a t u r e  o f  
t h i s  s t u d y  i s  t h e  u s e  o f  s i m u l a t i o n  t e c h n i q u e s  f o r  d e s c r i b i n g  p r o c e s s  
c h a r a c t e r i s t i c s .  Monte  C a r l o  s i m u l a t i o n  h a s  b e e n  u s e d  i n  a  v a r i e t y  
o f  i n d u s t r i a l  p r o b l e m s ,  b u t  t h i s  s t u d y  a p p l i e s  s i m u l a t i o n  t o  t h e  
a n a l y s i s  o f  a  q u a l i t y  c o n t r o l  p r o b l e m .
A n o t h e r  o b j e c t i v e  o f  t h i s  s t u d y  i s  t h e  d e m o n s t r a t i o n  o f  t h e  
f a c t  t h a t  t h e  s c i e n t i f i c  t o o l s  o f  q u a l i t y  c o n t r o l  c a n  i d e n t i f y  
m a n a g e r i a l  p r o b l e m s  o f  a  b a s i c a l l y  human n a t u r e .  The a t t i t u d e s  and 
p r o c e d u r e s  o f  m a n a g e r i a l ,  e n g i n e e r i n g ,  i n s p e c t i o n  and  o p e r a t i o n  p e r s o n ­
n e l  a r e  d e m o n s t r a t e d  a s  m a j o r  d e t e r m i n a n t s  o f  t h e  q u a l i t y  o f  p r o d u c t i o n  
a s  w e l l  a s  t h e  c o s t  o f  m a i n t a i n i n g  s u c h  q u a l i t y  l e v e l s .  T h i s  s t u d y  
shows t h a t  t h e  o r g a n i z a t i o n a l  p l a c e m e n t  o f  i n s p e c t i o n  a n d  q u a l i t y  
c o n t r o l  a c t i v i t i e s  i s  a n  i m p o r t a n t  f a c t o r  i n  a c h i e v i n g  a n d  m a i n ­
t a i n i n g  h i g h  l e v e l s  o f  q u a l i t y  o f  p r o d u c t i o n .  F i n a l l y ,  t h i s  s t u d y '
i n d i c a t e s  t h a t  t h e  m ere  g a t h e r i n g  o f  a n a l y t i c a l  d a t a  i s  n o t  s u f f i c i e n t  
f o r  a c h i e v i n g  n e e d e d  c h a n g e s  i n  p r o d u c t i o n  p r o c e d u r e s ;  r a t h e r ,  a s  i s  
t h e  c a s e  i n  a l l  q u a n t i t a t i v e  s t u d i e s ,  t h e  d a t a  a r e  b u t  a  t o o l  d e s i g n e d  
t o  a s s i s t  management i n  mak ing  d e c i s i o n s .  I n  t h e  i n s t a n c e  o f  q u a l i t y  
c o n t r o l ,  t h e  r e s p o n s i b i l i t y  f o r  m a k in g  t h e  c o r r e c t  d e c i s i o n s  and 
e f f e c t i n g  t h e  n e e d e d  a c t i o n  i s  t h a t  o f  l i n e  m anagem ent .
O r g a n i z a t i o n  a n d  L i m i t a t i o n s  o f  t h e  S t u d y
D e s ig n e d  a s  a n  a n a l y s i s  o f  a  q u a l i t y  c o n t r o l  p r o b l e m  i n  a 
m a n u f a c t u r i n g  p l a n t ,  t h i s  s t u d y  p r e s e n t s  o n l y  a  s k e t c h  o f  t h e  d e v e l o p ­
ment o f  q u a l i t y  c o n t r o l  and t h e  t h e o r e t i c a l  c o n c e p t s  u n d e r l y i n g  t h e  
s t a t i s t i c a l  c o n c e p t s .  A c o m p l e t e  t r e a t m e n t  o f  t h e  above  s u b j e c t s  i s  
beyond  t h e  s c o p e  o f  t h i s  s t u d y  and  h a s  b e e n  a d e q u a t e l y  done  i n  a  
number o f  p u b l i s h e d  vo lum es  and  a r t i c l e s *  On t h e  o t h e r  h a n d ,  some 
d e s c r i p t i o n  o f  t h e  n a t u r e  o f  t h e  t e c h n i q u e s  and  t h e  d e v e l o p m e n t  o f  t h e  
c o n c e p t s  a s  p r e s e n t e d  i n  C h a p t e r  I I  i s  d e s i r a b l e  a s  b a c k g r o u n d  m a t e r i a l  
f o r  a  b e t t e r  a p p r e c i a t i o n  o f  t h e  r e s u l t s  o f  t h e  s t u d y .
The p o s i t i o n  o f  t h e  q u a l i t y  c o n t r o l  g r o u p  i n  t h e  o r g a n i z a t i o n a l  
s t r u c t u r e  o f  a  m a n u f a c t u r i n g  f i r m  i s  a n  i m p o r t a n t  f a c t o r  i n  d e t e r m i ­
n i n g  w h e t h e r  econom ic  c o n t r o l  o f  q u a l i t y  o f  p r o d u c t i o n  w i l l  be  a c h i e v e d .  
C h a p t e r  I I I  p r e s e n t s  t h e  b a s i c  c o n s i d e r a t i o n s  s u r r o u n d i n g  t h e  r o l e  o f  
s t a t i s t i c a l  q u a l i t y  c o n t r o l  i n  t h e  m a n u f a c t u r i n g  o r g a n i z a t i o n ,  b u t ,  
a g a i n ,  t h e  t r e a t m e n t  o f  t h e  s u b j e c t  i s  c o n s i d e r e d  a d e q u a t e  f o r  
p u r p o s e s  o f  t h i s  s t u d y  and i s  n o t  d e s i g n e d  a s  a n  e x h a u s t i v e  t r e a t i s e  
c o n s i d e r i n g  a l l  t h e  r a m i f i c a t i o n s  o f  an  o r g a n i z a t i o n a l  n a t u r e .
The  m e th o d o lo g y  o f  t h i s  s t u d y ,  d e s c r i b e d  i n  C h a p t e r  IV, was  
s e l e c t e d  i n  v iew  o f  t h e  a n a l y t i c a l  n a t u r e  o f  t h e  s t u d y ,  b u t  some
d e s c r i p t i v e  m a t e r i a l  i s  i n c l u d e d  t o  p r o v i d e  t h e  r e a d e r  w i t h  an  a d e q u a t e  
i m p r e s s i o n  o f  t h e  c o n d i t i o n s  w hich  p r e v a i l e d  d u r i n g  t h e  s t u d y .  The 
d e s c r i p t i o n  o f  t h e  r e s e a r c h  s i t e  i s  g e n e r a l ,  e x c e p t  f o r  c e r t a i n  p o r t i o n s  
o f  t h e  p r o c e s s  w h ich  were s t u d i e d  i n t e n s i v e l y .  The e n t i r e  m a n u f a c t u r i n g  
p r o c e s s  was n o t  a n a l y z e d  o r  even  d e s c r i b e d  i n  d e t a i l ,  f o r  t h i s  s t u d y  
i s  c o n c e rn e d  w i t h  t h e  r o l l e r  b e a r i n g s  o f  r o c k  b i t s ;  and c o n s i d e r a t i o n  
o f  o t h e r  c h a r a c t e r i s t i c s  o f  t h e  r o c k  b i t s  a r e  i n c i d e n t a l  t o  t h e  s t u d y .
To some d e g r e e ,  d o l l a r  v a l u e s  o f  i n - p r o c e s s  p a r t s ,  p r o d u c t i o n  
f i g u r e s ,  and o t h e r  d a t a  o f  a  c o n f i d e n t i a l  n a t u r e  a r e  n o t  p r e c i s e l y  
s t a t e d ,  b u t  t h e  c i t e d  amounts  do p r e s e n t  a  r e a l i s t i c  a c c o u n t  o f  a c t u a l  
c o n d i t i o n s .
The r e s u l t s  o f  t h e  s t u d y  c o n s t i t u t e d  vo lum inous  d a t a ;  and i n  
t h e  i n t e r e s t  o f  c l a r i t y  and c o m p r e h e n s i b i l i t y  w i t h  a  minimum o f  
r e a d i n g ,  d a t a  a r e  s e l e c t i v e l y  p r e s e n t e d  i n  C h a p t e r  V. Some d i s c u s s i o n  
acc o m p an ie s  t h e  p r e s e n t a t i o n  o f  t h e  r e s u l t s  t o  p r o v i d e  t h e  r e a d e r  
w i t h  t h e  l o g i c  by w hich  t h e  c o n c l u s i o n s  o f  C h a p t e r  VI w ere  r e a c h e d .
CHAPTER I I
THE CONCEPT OF STATISTICAL QUALITY CONTROL
H i s t o r i c a l  Development
Q u a l i t y  and Q u a l i t y  C o n t r o l
The c o n c e p t  o f  q u a l i t y  as  u s e d  in  modern m a n u fa c tu r i n g  had i t s  
b e g i n n in g  w i t h  man’ s f i r s t  c ru d e  a t t e m p t s  a t  m a nua l ly  making d u p l i c a t e  
o b j e c t s .  The p u rp o s e  i n  a t t e m p t i n g  t o  make i d e n t i c a l  o b j e c t s  i s  to  
embody c e r t a i n  d e s i r a b l e  c h a r a c t e r i s t i c s  of  an o r i g i n a l  o b j e c t  i n t o  
d u p l i c a t e s .  E a r l y  a t t e m p t s  a t  d u p l i c a t i o n  w ere  conce rned  w i th  p r o d u c t  
c h a r a c t e r i s t i c s  such  a s  s i z e ,  s h a p e ,  c o l o r ,  h a r d n e s s ,  e t  c e t e r a ,  w h i l e  
modern t e c h n o lo g y  has  expanded t h e  ran g e  o f  r e p r o d u c e a b l e  c h a r a c t e r i s ­
t i c s  t o  i n c l u d e  e l e c t r o m a g n e t i c  p r o p e r t i e s ,  m o l e c u l a r  s t r u c t u r e ,  
r u p t u r e  s t r e n g t h  and many o t h e r s .
As w i t h  t h e  e a r l i e s t  a t t e m p t s  a t  r e p r o d u c t i o n ,  t o d a y ' s  p r o d u c t  
d u p l i c a t i o n  f a i l s  t o  d u p l i c a t e  o b j e c t s  p e r f e c t l y .  The b a s i s  f o r  t h e  
co n ce p t  o f  q u a l i t y  l i e s  i n  t h e  e x t e n t  t o  which  t h e  c h a r a c t e r i s t i c s  of  
t h e  d u p l i c a t e  o b j e c t  c o r r e s p o n d  to  t h o s e  o f  t h e  o r i g i n a l ;  c l o s e  c o r r e ­
spondence  i s  judged  good q u a l i t y ,  w h i l e  s u f f i c i e n t l y  l a r g e  d e v i a t i o n s  
l e a d  t o  t h e  r e j e c t i o n  of  p r o d u c t s  as  b e in g  of  u n a c c e p t a b l e  q u a l i t y .
The f a c t  t h a t  some p r o d u c t  does  d e v i a t e  s u f f i c i e n t l y  t o  be r e j e c t e d  
on th e  b a s i s  of  p o o r  q u a l i t y  h a s  p r o v id e d  t h e  b a s i s  f o r  the  concep t  
o f  q u a l i t y  c o n t r o l .
Some o f  man’ s e a r l i e s t  a t t e m p t s  a t  p r o d u c t  r e p r o d u c t i o n  h ave  
b een  d i s c o v e r e d  i n  e x c a v a t i o n s  o f  p r i m i t i v e  c i v i l i z a t i o n s .  Groups o f  
o b j e c t s  such  a s  weapons ,  u t e n s i l s ,  and o r n a m e n t s ,  b e a r  s t r o n g  resem ­
b l a n c e  and i n d i c a t e  a t t e m p t s  a t  r e p r o d u c t i o n  a l t h o u g h  many c o p i e s  a r e  
b u t  rough  d u p l i c a t i o n s .  T h e re  i s  a l s o  e v i d e n c e  of  a t t e m p t s  a t  r e p r o ­
d u c t i o n  of  l a r g e  o b j e c t s ,  f o r  t h e  E g y p t i a n s  s t a n d a r d i z e d  t h e  d im e n s io n s  
o f  d u p l i c a t e  s t o n e  b l o c k s  f o r  t h e  c o n s t r u c t i o n  o f  t h e  Pyram ids .
E v id en ce  h a s  a l s o  been found o f  t h e  r e j e c t i o n  of  o b j e c t s  on t h e  b a s i s  
o f  poor  q u a l i t y ,  f o r  d i s c o v e r i e s  of  a r row heads  made by .American 
I n d i a n s  show t h a t  many were d i s c a r d e d  b e c a u s e  of t h e i r  poor  l i k e n e s s  
t o  u s a b l e  s h a p e s .
By th e  t im e  o f  t h e  M id d le  Ages t h e  r e p r o d u c t i o n  o f  o b j e c t s  was 
p u r s u e d  on  a more o r g a n i z e d  b a s i s .  F o l lo w in g  t h e  f a l l  o f  t h e  Roman 
Empire i n  Europe a f t e r  t h e  F i f t h  c e n t u r y ,  and t h e  f o r m a t i o n  of  f e u d a l  
e m p i r e s ,  t h e  g u i l d  sys tem  g r a d u a l l y  emerged i n  Europe.  P r i o r  to  t h e  
f o r m a t i o n  o f  c r a f t  g u i l d s ,  each  household  m a n u fa c tu r e d  i t s  own im p le ­
ments  and weapons .  With t i m e ,  however,  c e r t a i n  s k i l l e d  i n d i v i d u a l s  
began  t o  make p r o d u c t s  f o r  t h e  pu rp o s e  o f  b a r t e r i n g .  The a c t i v i t y  o f  
t h e  c r a f t s m a n  was t h e r e a f t e r  a l m o s t  c o m p l e t e l y  d ev o ted  to  p r o d u c in g  
o b j e c t s  f o r  s a l e ,  w h i l e  l i t t l e  o r  no t ime was sp e n t  on  a g r i c u l t u r a l  
a c t i v i t y .
The s k i l l s  dev e lo p ed  by c r a f t s m e n  w e re  handed down from f a t h e r  
t o  s on  and were im proved,  m o d i f i e d ,  and v e r y  c l o s e l y  gua rd ed .  The 
f o r m a t i o n  o f  g u i l d s  was d e s i g n e d  t o  make s k i l l e d  l a b o r ,  such  a s  t h a t  
o f  g o l d s m i t h s ,  c o b b l e r s ,  s t o n e  masons,  e t  c e t e r a ,  s c a r c e .  As t h e  s k i l l s  
o f  t h e  c r a f t s  im proved,  many c r a f t s m e n  w ere  a b l e  t o  r e p r o d u c e  o b j e c t s
w i t h  s uch  d e f t n e s s ,  t h a t  d i s s i m i l a r i t i e s  c o u l d  be d i s c l o s e d  o n l y  upon 
t h e  c l o s e s t  e x a m i n a t i o n .  Along w i t h  t h e  p r o d u c t i o n  o f  c e r t a i n  goods  
by s k i l l e d  c r a f t s m e n  went t h e  demand f o r  t h e i r  s k i l l  i n  r e p a i r  work.
H e re  t h e  t e c h n i q u e  of  making  r e p l a c e m e n t  p a r t s  gave  r i s e  t o  t h e  c o n s i d ­
e r a t i o n  o f  q u a l i t y ,  f o r  t h e  new p a r t  had  t o  be f a s h i o n e d  w e l l  enough 
t o  s e r v e  t h e  p u r p o s e  which  t h e  d e f e c t i v e  p a r t  f o r m e r l y  s e r v e d .
Through  t h e  y e a r s ,  u n t i l  l a t e  i n  t h e  18 th  c e n t u r y ,  p r o d u c t s  
w e re  s u b s t a n t i a l l y  cus tom-made.  I t  was n o t  u n t i l  t h e  1 7 9 0 ' s  t h a t  t h e  
i d e a  o f  u s i n g  i n t e r c h a n g e a b l e  p a r t s  was p u t  i n t o  w o rk a b le  fo rm .  E l i  
Whi tney  s e t  up a  p r o d u c t i o n  s y s t e m  em ploy ing  work s i m p l i f i c a t i o n ,  
whereby each  workman made g i v e n  p a r t s  f o r  army r i f l e s  r a t h e r  tKan making 
t h e  e n t i r e  weapon.  As w i t h  o t h e r  a t t e m p t s  a t  p r o d u c t  r e p r o d u c t i o n ,  
Whi tney  had h i s  p rob lem s  w i t h  t h e  f a i l u r e  o f  some p a r t s  t o  be i n t e r ­
c h a n g e a b l e .
I t  was n o t  u n t i l  t h e  e a r l y  1 8 0 0 ' s  t h a t  men b eg an  t o  
r e a l i z e  t h a t  t o l e r a n c e s  were  n e c e s s a r y .  I t  had g r a d u a l l y  
become a p p a r e n t  t h a t  W h i t n e y ' s  i d e a  o f  e x a c t  d u p l i c a t i o n  o f  
p a r t s  c o u l d  n o t  be  r e a l i z e d .  T hus ,  t h e  u s e  o f  " go"  t o l e r a n c e s  
came i n t o  b e i n g .  The s h a f t  had t o  be s m a l l  enough and t h e  
h o l e  l a r g e  enough t o  p e r m i t  a s s e m b l y .  I t  was n o t  u n t i l  t h e  
l a t e  1 8 0 0 ' s  t h a t  "n o  go" t o l e r a n c e s  came i n t o  g e n e r a l  u s e . *
The a d v e n t  o f  t h e  u s e  o f  t o l e r a n c e s  was c l o s e l y  f o l l o w e d  by 
t h e  deve lopm en t  o f  i n s t r u m e n t s  f o r  d e t e r m i n i n g  " g o "  and "no go" a t t r i ­
b u t e s ,  a s  w e l l  a s  d e v i c e s  f o r  m e a s u r i n g  d i m e n s i o n s .  A Swed ish  e n g i n e e r  
named J o h a n s s o n  i s  p u r p o r t e d  t o  have f i r s t  p ro d u c e d  m e ta l  b l o c k s  f o r  
c h e c k i n g  d i m e n s i o n s .  H is  g a u g e s ,  c a l l e d  " J o "  b l o c k s ,  were  v e r y  p r e c i s e l y  
made.  B locks  o f  t h i s  t y p e  w ere  made t o  an a c c u r a c y  in  t h e  o r d e r  o f
^Edward M. S c h r o c k ,  Q u a l i t y  C o n t r o l  apd S t a t i s t i c a l  Methods 
(New York:  R e i n h o ld  P u b l i s h i n g  Company, 1 9 5 7 ) ,  p.  2.
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hundred  t h o u s a n d t h s  and even  m i l l i o n t h s  o f  an  i n c h .  V a r i a t i o n s  o f  
t h e s e  o r i g i n a l  b l o c k s  a r e  e x t e n s i v e l y  u sed  i n  modern m a n u f a c t u r i n g .
The development o f  o t h e r  t y p e s  o f  gauges  i s  b r i e f l y  d e s c r i b e d  
as  f o l l o w s :
The m ic ro m e te r  sc rew  a s  a p r a c t i c a l  t o o l  was dev e lo p ed  
i n  1867. P r e c i s i o n  gage b l o c k s  were  n o t  i n  commercial  u s e  
u n t i l  1911. E l e c t r i c a l  gages  d i d  n o t  come i n t o  u s e  u n t i l  
World War I .  New f i e l d s  o f  h ig h  p r e c i s i o n  a r e  f o r e c a s t  w i t h  
t h e  deve lopm ent  o f  t h e  e l e c t r o n  m ic ro s c o p e  i n  1941.
The c h ro n o lo g y  o f  development i n  t o o l s  p a r a l l e l s  t h a t  of  
g ag es .  The sc rew  c u t t i n g  l a t h e  was i n v e n t e d  i n  1797. High 
speed  s t e e l  d a t e s  t o  1900. The c e n t e r l e s s  g r i n d e r  was f i r s t  
u sed  i n  1923.2
S t a t i s t i c a l  Q u a l i t y  C o n t r o l
The f o r e g o i n g  d e s c r i p t i o n  has  been c h i e f l y  co n ce rn ed  w i th  t h e  
development o f  t h e  c o n c e p t s  o f  q u a l i t y  and q u a l i t y  c o n t r o l  i n  m anufac ­
t u r i n g .  At t h i s  p o i n t  t h e  development o f  s t a t i s t i c a l  t e c h n i q u e s  u s e d  
i n  q u a l i t y  c o n t r o l  a r e  b r i e f l y  t r a c e d .
P r o b a b i l i t y  t h e o r y  was d e v e lo p e d  i n  1654 by P a s c a l  and F e rm at .  
T h e i r  t h e o r i z i n g  was prompted  by P a s c a l ' s  i n t e r e s t  i n  games o f  c h a n c e .  
Dur ing  t h e  19 th  c e n t u r y ,  s t a t i s t i c a l  methods  were s u b s t a n t i a l l y  improved 
and e n l a r g e d ,  w i t h  sam p l in g  and  o t h e r  s t a t i s t i c a l  t e c h n i q u e s  b e in g  
a p p l i e d  t o  t h e  a r e a s  o f  b i o l o g y ,  s o c i a l  s c i e n c e ,  p h y s i c s ,  and as t ronom y.  
The g r e a t e s t  ad v an c es  i n  s t a t i s t i c a l  t h e o r y  have  come i n  t h e  p a s t  h a l f  
c e n t u r y ,  and i t  i s  i n  t h i s  p e r i o d  t h a t  s t a t i s t i c a l  t e c h n i q u e s  were  f i r s t  
a p p l i e d  i n  an o r g a n i z e d  f a s h i o n  t o  q u a l i t y  c o n t r o l .
I n  1924 W a i t e r  A. S h ew h ar t ,  a  member o f  t h e  t e c h n i c a l  s t a f f  
o f  t h e  B e l l  T e l e p h o n e  L a b o r a t o r i e s ,  o r i g i n a t e d  t h e  f i r s t  s t a t i s t i c a l
2 j .  M. J u r a n ,  Q u a l i t y - C o n t r o l  Handbook (New York:  McGraw-Hil l
Book Company, I n c . , 1951) ,  p .  Tl
q u a l i t y  c o n t r o l  c h a r t .  I n  t h e  y e a r s  f o l l o w i n g  t h i s  b e g i n n i n g ,  
m o d i f i c a t i o n s  w ere  made i n  s t a t i s t i c a l  q u a l i t y  c o n t r o l  m e t h o d s ,  and 
i n  1931 S h e w h a r t  p u b l i s h e d  h i s  c l a s s i c ,  Economic C o n t r o l  o f  Q u a l i t y  
o f  M a n u f a c t u r e d  P r o d u c t . Among t h e  more  famous  t e c h n i q u e s  p r e s e n t e d  
i n  t h i s  work  i s  t h e  S hew har t  bow l ,  a  d e v i c e  w h ich  was u s e d  e x t e n s i v e l y  
t o  e x p e r i m e n t  w i t h  t h e  n a t u r e  o f  s i g n i f i c a n c e .  A l th o u g h  Sh ew h ar t  , 
o r i g i n a t e d  t h e  c o n t r o l  c h a r t ,  w h ich  i s  t h e  most  s i g n i f i c a n t  s i n g l e  
d e v e lo p m en t  i n  s t a t i s t i c a l  q u a l i t y  c o n t r o l ,  he  d i d  n o t  i n v e n t  q u a l i t y  
c o n t r o l  o r  t h e  s t a t i s t i c a l  p r i n c i p l e  o f  s i g n i f i c a n c e .  H i s  c o n t r i b u t i o n  
l i e s  i n  b r i n g i n g  t o g e t h e r  s t a t i s t i c a l  t h e o r y  and  t h e  s t a t i s t i c a l  c o n ­
t r o l  o f  m a n u f a c t u r i n g  p r o c e s s e s .
S t a t i s t i c a l  t h e o r y  was  f u r t h e r  a p p l i e d  t o  q u a l i t y  c o n t r o l  by 
H. F. Dodge and  H. G. Romig,  a l s o  of  t h e  B e l l  T e l e p h o n e  L a b o r a t o r i e s .  
Dodge and  Romig a p p l i e d  s t a t i s t i c a l  t h e o r y  t o  s a m p l i n g  i n s p e c t i o n  and 
p u b l i s h e d  t h e i r  work i n  a  volume e n t i t l e d ,  S am pl ing  I n s p e c t i o n  T a b l e s .
A l t h o u g h  S h e w h a r t  f o r m u l a t e d  t h e  i d e a  o f  s t a t i s t i c a l  c o n t r o l ,  
a  book e n t i t l e d  The C o n t r o l  o f  Q u a l i t y  i n  M a n u f a c t u r i n g  was  w r i t t e n  by 
G. S. R a d f o r d  p r i o r  t o  S h e w h a r t 1s  w ork .  R a d f o r d ' s  s t u d y ,  h o w ev e r ,  o v e r ­
lo o k e d  t h e  c o n c e p t  o f  s t a t i s t i c a l  s t a b i l i t y ,  b u t  t h e  n e e d  f o r  p r o d u c t  
u n i f o r m i t y  and i n s p e c t i o n  s a m p l i n g  t e c h n i q u e s  w e re  c i t e d . ^  F o l l o w i n g  
t h e  p u b l i c a t i o n  o f  t h e  works  o f  S h e w h a r t ,  Dodge and Romig,  v a r i o u s  
s o c i e t i e s  s u c h  a s  t h e  A m er ican  S o c i e t y  o f  M e c h a n ic a l  E n g i n e e r s ,  A m er ic an  
S o c i e t y  f o r  T e s t i n g  M a t e r i a l s ,  A m er ican  S t a t i s t i c a l  A s s o c i a t i o n ,
■*S. B. L i t t a u e r ,  "The  Deve lopm en t  o f  S t a t i s t i c a l  Q u a l i t y  C o n t r o l  
i n  t h e  U n i t e d  S t a t e s , "  A m er ic an  S t a t i s t i c i a n ,  IV ( F e b r u a r y ,  1 9 5 1 ) ,  15.
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I n s t i t u t e  o f  M a t h e m a t i c a l  S t a t i s t i c s  and o t h e r s *  p u b l i s h e d  an  i n c r e a s ­
in g  number  o f  a r t i c l e s  on  s t a t i s t i c a l  q u a l i t y  c o n t r o l  and i n d u s t r i a l  
s t a t i s t i c s .
I n  t h e  n e x t  few y e a r s  t h e  m i l i t a r y  s e r v i c e s  became i n t e r e s t e d  
i n  q u a l i t y  c o n t r o l  m e thods  f o r  a c c e p t a n c e  o f  p u r c h a s e d  m a t e r i a l s .  
S h e w h a r t ,  L.  E. Simon and  G. R. Gause  (U. S. Army) and  Dodge and Romig 
c o l l a b o r a t e d  i n  d e v e l o p i n g  t h e  Army O rdnance  S t a n d a r d  S a m p l in g  I n s p e c ­
t i o n  T a b l e s  i n  1942.  S h e w h a r t  and J .  H. C u r t i s s  combined  t h e i r  e f f o r t s  
i n  s e t t i n g  up q u a l i t y  c o n t r o l  p l a n s  f o r  t h e  Navy.  I n  t h e  m i l i t a r y  
s e r v i c e s ,  a s  i n  i n d u s t r y ,  s i g n i f i c a n t  p r o g r e s s  had  been  made i n  t h e  
u s e  o f  s t a t i s t i c a l  q u a l i t y  c o n t r o l  by t h e  t im e  o f  t h e  o u t b r e a k  o f  World 
War I I .  I n d e e d ,  s t a t i s t i c a l  q u a l i t y  c o n t r o l  p l a y e d  a key r o l e  i n  
e n a b l i n g  i n d u s t r y  t o  h a v e  b o t h  e c o n o m ic a l  p r o d u c t i o n  and h i g h  q u a l i t y  
i n  s u p p l y i n g  m i l i t a r y  and  d o m e s t i c  n e e d s  d u r i n g  World War I I .
The w ar  e f f o r t  s p u r r e d  many t o  do r e s e a r c h  i n  s t a t i s t i c a l  
q u a l i t y  c o n t r o l  m e th o d s .  Some o f  t h e  n o t a b l e  c o n t r i b u t i o n s  a r e  t h e  
t e c h n i q u e s  d e v e l o p e d  by t h e  S t a t i s t i c a l  R e s e a r c h  Group o f  Columbia 
U n i v e r s i t y ,  s e q u e n t i a l  s a m p l i n g  p l a n s  i n s t i t u t e d  by H. A. Freeman and 
D. S c h w a r t z ,  and t h e  e x t e n s i v e  e d u c a t i o n a l  p ro g ra m s  s p o n s o r e d  by v a r i o u s  
u n i v e r s i t i e s  and i n d u s t r i e s  u n d e r  t h e  a u s p i c e s  o f  t h e  O f f i c e  o f  P r o d u c ­
t i o n  R e s e a r c h  and Deve lopm en t  i n  w h ich  more t h a n  10 ,000  p e o p l e  r e c e i v e d  
t r a i n i n g  i n  q u a l i t y  c o n t r o l . ^
F o l l o w i n g  World War I I  s t a t i s t i c a l  q u a l i t y  c o n t r o l  found  more 
d i v e r s e  a p p l i c a t i o n  i n  a r e a s  o f  b u s i n e s s  a c t i v i t y .  I n  a n a l y z i n g
^ T b i d . , p .  18.
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i n d u s t r i a l  p r o d u c t i v i t y ,  s t a t i s t i c a l  q u a l i t y  c o n t r o l  m e thods  w ere  
a p p l i e d  t o  t im e  s t u d y . 5 O p e r a t i o n s  r e s e a r c h ,  d e v e lo p e d  d u r in g  t h e  w ar  
w i t h  o u t s t a n d i n g  s u c c e s s ,  was b e i n g  c o n v e r t e d  t o  p e a c e t im e  i n d u s t r i a l  
u s e .  As an  e x t e n s i o n  o f  t h e  s c i e n t i f i c  m ethod aim ed a t  g i v i n g  e x e c u ­
t i v e s  q u a n t i t a t i v e  b a s e s  f o r  d e c i s i o n s ,  o p e r a t i o n s  r e s e a r c h  u t i l i z e s  
a p p l i e d  s t a t i s t i c s  a s  a  b a s i c  t o o l .  S t a t i s t i c a l  q u a l i t y  c o n t r o l  h a s  
b een  u s e d  i n  o p e r a t i o n s  r e s e a r c h  s t u d i e s  and  t h e  r e l a t i o n s h i p  o f  t h e  
two i s  shown a s  f o l l o w s :
T h i s  a r t i c l e  a ssu m es  t h a t  b o th  OR and QC employ s c i e n t i f i c  
m ethod . The aim o f  b o th  i s  to  e s t a b l i s h  an  econom ic a n s w e r .
To d a t e ,  QC h a s  had i t s  w id e s t  a p p l i c a t i o n  i n  t h e  f i e l d  o f  
m a n u fa c tu r e  o r ,  more g e n e r a l l y ,  i n  t h e  f i e l d  o f  r e p e t i t i v e  
m e a su re m e n t .  I n  a  r e s t r i c t i v e  s e n s e ,  OR h a s  a l s o  b een  a p p l i e d  
i n  t h e  f i e l d  o f  r e p e t i t i v e  m e asu re m en t .  H ow ever, w here  QC h a s  
u s u a l l y  b e e n  u s e d  t o  r e d u c e  v a r i a b i l i t y  i n  a  g iv e n  p r o c e s s ,  OR 
h a s  b een  u s e d  t o  com pare  s e v e r a l  p r o c e s s e s .  B o th  a r e  i n t e r ­
e s t e d  i n  c o s t . . .
A m a jo r  d i f f e r e n c e  be tw een  OR and  QC i s  t h a t  OR se ldom  
assum es r e s p o n s i b i l i t y  f o r  a c t i o n  w h i l e  QC assu m es  t h a t  
i n i t i a t i o n  o f  a c t i o n  i s  p a r t  o f  t h e  j o b  and i s  t o  be f o l l o w e d  
by m o n i t o r i n g  t h e  r e s u l t s  o f  t h e  a c t i o n .  T h i s  h a s  h e lp e d  QC 
t o  o b t a i n  a  r a t h e r  c o m p le te  p i c t u r e  o f  th e  r e p e t i t i v e  p r o c e s s  
t h a t  s h o u ld  be  h e l p f u l  t o  OR p e o p l e . 6
The u s e  o f  s t a t i s t i c a l  q u a l i t y  c o n t r o l  h a s  b e e n  e x te n d e d  
to  t h e  s tu d y  o f  a d m i n i s t r a t i v e  p ro b le m s  su c h  a s  c l e r i c a l  w o rk ,^
^Ray W. G ood, " Q u a l i t y  C o n t r o l  i n  R e l a t i o n  t o  Time S tu d y , "  
I n d u s t r i a l  Q u a l i t y  C o n t r o l , IV (S e p te m b e r ,  1 9 4 7 ) ,  13.
6 p a u l  S. O lm s te a d ,  "QC C o n c e p ts  U s e f u l  i n  OR," I n d u s t r i a l  
Q u a l i t y  C o n t r o l , X I I  ( O c to b e r ,  1 9 5 5 ) ,  15.
^B ennet B. M urdock, "Some A s p e c ts  o f  Q u a l i t y  C o n t r o l  a s  A p p l ie d  
t o  C l e r i c a l  O p e r a t i o n s , "  I n d u s t r i a l  Q u a l i t y  C o n t r o l ,  V I I  ( A p r i l ,  1 9 5 1 ) ,
39.
8  9I n t e r n a l  Revenue S e r v i c e  o p e r a t i o n s ,  a c c o u n t i n g  p r o c e d u r e s , 7  and
10i n v e n t o r y  p ro b le m s .
The more e x t e n s i v e  u s e  o f  s t a t i s t i c a l  q u a l i t y  c o n t r o l  i n  
b u s i n e s s ,  g o v e rn m e n t ,  and  th e  m i l i t a r y  s e r v i c e s  h a s  b e e n  f u r t h e r e d  by 
u n i v e r s i t y  p rog ram s and  th e  a c t i v i t i e s  o f  t h e  A m erican  S o c ie ty  f o r  
Q u a l i t y  C o n t r o l .  An ASQC s u rv e y  showed t h a t  s t a t i s t i c a l  q u a l i t y  c o n ­
t r o l  c o u r s e s  a r e  an  e s t a b l i s h e d  p a r t  o f  t h e  e n g i n e e r i n g  c u r r i c u l u m ,  
w h i le  t h i s  s u b j e c t  m a t t e r  i s  a l s o  t a u g h t  i n  s t a t i s t i c s  and m a th e m a t ic s  
d e p a r t m e n t s  and in  s c h o o l s  o f  b u s i n e s s . * 1
I n  t h e  35 y e a r s  s i n c e  S h e w h a r t  f i r s t  i n s t i t u t e d  th e  c o n c e p t  
o f  s t a t i s t i c a l  s t a b i l i t y  th ro u g h  c o n t r o l  c h a r t s ,  s t a t i s t i c a l  q u a l i t y  
c o n t r o l  h a s  become a  w id e ly  u s e d  t e c h n i q u e  an d  an i n t e g r a l  p a r t  o f  a 
v a s t  num ber o f  b u s i n e s s e s  and n o n b u s in e s s  o r g a n i z a t i o n s .  As an 
e x t e n s i o n  o f  t h e  u s e  o f  t h e  s c i e n t i f i c  m e th o d ,  s t a t i s t i c a l  q u a l i t y  con ­
t r o l  h a s  fo u n d  a  p e rm a n e n t  p l a c e  i n  th e  human a c t i v i t y  o f  o u r  s o c i e t y .
The T h e o r e t i c a l  B a s is  o f  S t a t i s t i c a l  Q u a l i t y  C o n t r o l
S t a t i s t i c a l  q u a l i t y  c o n t r o l  i s  t h e  a p p l i c a t i o n  o f  s t a t i s t i c a l  
t e c h n i q u e s  t o  num bers  o r  n u m e r i c a l  i n f o r m a t i o n  f o r  t h e  p u rp o s e  o f  
im p ro v in g  o r  m a i n t a i n i n g  th e  q u a l i t y  o f  a  p r o d u c t  o r  s e r v i c e .  Some
8 a .  C. R o s a n d e r ,  " P r o b a b i l i t y  S t a t i s t i c s  A p p l i e d  t o  Tax R e tu r n s  
I n d u s t r i a l  Q u a l i t y  C o n t r o l , IX (M ay, 1 9 5 3 ) ,  46.
^Howard L. J o n e s ,  "Some P ro b le m s  i n  S am pling  A c c o u n t in g  R e c o rd s  
I n d u s t r i a l  Q u a l i t y  C o n t r o l , X ( S e p te m b e r ,  1 9 5 3 ) ,  6 .
*®J. W. D u d ley ,  " I n v e n t o r y  P o l i c y  by C o n t r o l  C h a r t , "  I n d u s t r i a l  
Q u a l i t y  C o n t r o l , XVI ( J a n u a r y ,  i 9 6 0 ) ,  4 .
1 1 ______________  " S t a t i s t i c s  and  Q u a l i t y  C o n t ro l  i n  E n g i n e e r in g
C o u r s e s , "  I n d u s t r i a l  Q u a l i t y  C o n t r o l , VI ( J a n u a r y ,  1 9 5 0 ) ,  27.
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o f  t h e  t e c h n iq u e s  u sed  i n  s t a t i s t i c a l  q u a l i t y  c o n t r o l  a r e  w ide ly  u s e d  
i n  s t a t i s t i c a l  a n a l y s i s ,  w h i le  o t h e r  t e c h n iq u e s  have b een  s p e c i f i c a l l y  
d e r iv e d  f o r  q u a l i t y  c o n t r o l  s t u d i e s .  In  t h e  f o l lo w in g  s e c t i o n s ,  each  
o f  t h e s e  s t a t i s t i c a l  t e c h n i q u e s ,  p l u s  some r e l a t e d  c o n c e p t s ,  s h a l l  be 
c o n s id e r e d  b r i e f l y .
V a r i a b i l i t y
I n  a  p r e v io u s  s e c t i o n  w hich d e s c r ib e d  th e  e a r l y  a t t e m p t s  a t  
p ro d u c t  d u p l i c a t i o n ,  m e n t io n  was made o f  th e  te n d en cy  f o r  t h e  c h a r a c ­
t e r i s t i c s  o f  th e  d u p l i c a t e d  o b j e c t  t o  v ary  from  th o s e  o f  th e  o r i g i n a l  
o b j e c t .  I f  s u f f i c i e n t  p r e c i s i o n  i s  u s e d  in  m e a su r in g  t h e  c h a r a c t e r ­
i s t i c s  o f  Mi d e n t i c a l "  o b j e c t s ,  i t  can  be r e v e a l e d  t h a t  t h e r e  w i l l  be 
v a r i a t i o n  among o b j e c t s .  M a n u fa c tu r in g  i s  c e r t a i n l y  n o t  a lo n e  in
e x p e r i e n c in g  v a r i a b i l i t y  among i t e m s ,  f o r  v a r i a t i o n  i s  found th ro u g h o u t
12n a t u r e  w here " i d e n t i c a l "  o b j e c t s  o c c u r .
S in c e  v a r i a t i o n  i s  i n e v i t a b l e  i n  m a n u fa c tu r in g ,  t h e  q u e s t i o n  
a r i s e s  as t o  how much c a n  o b j e c t s  v a r y  ( i n  te rm s  of p e r t i n e n t  
c h a r a c t e r i s t i c s )  and s t i l l  be c o n s id e r e d  i d e n t i c a l .  I n  o t h e r  w o rd s ,  
what a r e  t h e  l i m i t s  w i t h i n  which we would n o rm a l ly  e x p e c t  p ro d u c t  
c h a r a c t e r i s t i c s  to  v a ry ?  The m e n tio n  o f  l i m i t s  s u g g e s t s  th e  need  f o r  
some s t a t i s t i c a l  m easu re  o f  t h e  n a t u r e  o f  t h e  v a r i a t i o n  o f  c h a r a c t e r ­
i s t i c s  t o  s e r v e  a s  th e  b a s i s  f o r  making d e c i s i o n s  w i th  r e g a r d  to  t h e  
p r o c e s s .
12F o r  an i l l u s t r a t i o n  o f  such  v a r i a t i o n  see  F r e d e r i c k  E.
C ro x to n  and D udley J .  Cowden, A p p lle d  G e n e ra l  S t a t i s t i c s  (Second 
E d i t i o n ;  Englewood C l i f f s ,  New J e r s e y :  P r e n t i c e - H a l l , 1955 ) ,
pp . 706-707 .
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The f i r s t  method u s u a l l y  employed i n  d e s c r i b i n g  a p a t t e r n  o f  
v a r i a t i o n  i s  t h e  c o n s t r u c t i o n  o f  a  f r e q u e n c y  d i s t r i b u t i o n ,  f o r  t h e  
c o l l e c t i o n  o f  a  l a r g e  number o f  o b s e r v a t i o n s  o r  m easurem ents  o f  
c h a r a c t e r i s t i c s  y i e l d s  a mass o f  d a t a  w hich i s  u n w i e l d y - i f  one 
a t t e m p t s  t o  d e a l  w ith  t h e  m u l t i t u d e  o f  i n d i v i d u a l  v a l u e s .  The f r e ­
quency  d i s t r i b u t i o n  w i l l  g iv e  e v id e n c e  o f  th e  s t a b i l i t y  o f  t h e  
p a t t e r n  o f  v a r i a t i o n  and p r o v id e s  t h e  b a s i s  f o r  d raw in g  c o n c lu s io n s  
a b o u t  t h e  d i s t r i b u t i o n .  M easures  o f  c e n t r a l  te n d e n c y  and d i s p e r s i o n  
d e te rm in e d  from  th e  o b s e rv e d  v a lu e s  p ro v id e  a q u a n t i t a t i v e  d e s c r i p ­
t i o n  o f  t h e  v a r i a t i o n  p a t t e r n .  The c a l c u l a t i o n  of t h e s e  m easu re s  and 
t h e i r  m eaning w i l l  be d i s c u s s e d  i n  s u c c e e d in g  s e c t i o n s .
The F requency  D i s t r i b u t i o n
The f r e q u e n c y  d i s t r i b u t i o n  i s  d e s ig n e d  to  co n d en se  l a r g e  
am ounts o f  s t a t i s t i c a l  d a t a  i n t o  summary fo rm . In  c o n s t r u c t i n g  th e  
f r e q u e n c y  d i s t r i b u t i o n ,  u n o rg a n iz e d  s t a t i s t i c a l  in f o r m a t io n ,  som etim es 
c a l l e d  raw d a t a ,  can be  a r r a n g e d  i n t o  a n  a r r a y .  The a r r a y ,  o r  an 
a r ran g em en t  o f  s t a t i s t i c a l  o b s e r v a t i o n s  in  o r d e r  o f  m a g n itu d e ,  
p r o v id e s  an i n i t i a l  I n s i g h t  i n t o  t h e  most f r e q u e n t l y  o c c u r r i n g  v a l u e s  
and th e  r a n g e  o f  th e  o b s e rv e d  v a l u e s .  The a r r a y  h a s  l i m i t e d  v a lu e  
how ever ,  f o r  i f  t h e r e  a r e  s e v e r a l  h und red  o r  th o u sa n d  o b s e r v a t i o n s  t o  
be sum m arized , t h e  a r ran g em en t  o f  t h e s e  m easurem ents  i n  o r d e r  o f  m agni­
tu d e  c a n  be an  a rd u o u s  and uneconom ica l t a s k .
An a l t e r n a t i v e  t o  t h e  c o n s t r u c t i o n  o f  an a r r a y  i s  t h e  s e l e c t i o n  
o f  c l a s s  i n t e r v a l s  i n t o  w h ich  t h e  o b s e r v a t i o n s  may be  g ro u p ed .  C o n s id e r  
t h e  d a t a  i n  T a b le  I  w h ich  sum m arizes  400 m easurem ents  o f  b e a r i n g  
d ia m e te r s  o f  a  m a ss -p ro d u ced  p r o d u c t .  Each o f  t h e  400 o b s e r v a t i o n s ,
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TABLE I
Frequency  D i s t r i b u t i o n  o f  B e a r in g  D iam e te rs  o f  
400 I te m s  P roduced  by a 
M i l l i n g  M achine
D iam eter* Number o f  B e a r in g s
0 .0 0  -  0 .4 9 9
0 .5 0  -  0 .9 9 28
1 .0 0  -  1 .49 42
1.50  -  1 .99 75
2 .0 0  -  2 .49 96
2 .5 0  -  2 .99 82
3 .0 0  -  3 .49 44
3 .5 0  -  3-99 17
4 .0 0  -  4 .4 9 7
TOTAL 400
4  The c l a s s  i n t e r v a l s  a r e  g iv e n  in  th o u s a n d th s  
o f  an  in c h  g r e a t e r  t h a n  4 in c h e s .
r e c o r d e d  by th e  i n s p e c t o r s  i n  t h e  m a n u fa c tu r in g  p l a n t*  a r e  in c lu d e d  
in  one o f  t h e  g ro u p s  o r  c l a s s  i n t e r v a l s  o f  th e  f re q u e n c y  d i s t r i b u t i o n .  
T h i s  h as  been  done w i th  some l o s s  o f  in f o r m a t io n ,  f o r  th e  d e t a i l e d  
in f o r m a t io n  o f  t h e  a c t u a l  m easurem ents  g iv e n  by t h e  a r r a y  a r e  n o t  shown 
by t h e  f r e q u e n c y  d i s t r i b u t i o n .  F u r t h e r ,  t h e  f r e q u e n c y  d i s t r i b u t i o n  
does  n o t  r e v e a l  t h e  d i s t r i b u t i o n  o f  v a l u e s  w i t h i n  c l a s s  i n t e r v a l s ,  bu t  
p r e s e n t s  a l l  o b s e r v a t i o n s  in  an i n t e r v a l  a s  eq u a l  v a l u e s .
i
The l o s s  o f  a c c u ra c y  in  u s i n g  a  grouped  f r e q u e n c y  d i s t r i b u t i o n  
i s  more th a n  o f f s e t  by t h e  a d v a n ta g e s  s u p p l i e d  by t h e  su m m a r iz a t io n  o f  
t h e  d a t a .  The g ro u p in g  o f  d a t a  i n t o  c l a s s  i n t e r v a l s  p r o v id e s  t h e  b a s i s  
f o r  t h e  g r a p h i c a l  p r e s e n t a t i o n  o f  m asses  o f  d a t a .  S t a t i s t i c i a n s  have 
s u g g e s te d  t h a t  2 0  such  i n t e r v a l s  o f  eq u a l  s i z e  s h o u ld  be u sed  a s  a
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r u l e - o f - t h u m b ,  b u t  t h e r e  a r e  e x c e p t i o n s ,  a s  in  t h e  exam ple  o f  t h i s  
s t u d y ,  w here  t h e  d a t a  a r e  n o t  a p p r o p r i a t e  f o r  such  g ro u p in g *
G ra p h ic a l  p r e s e n t a t i o n  o f  a  g ro u p ed  f r e q u e n c y  d i s t r i b u t i o n  
i s  shown i n  F ig u r e  1 , w h ich  shows a  f r e q u e n c y  h i s to g r a m  and f r e q u e n c y  
p o ly g o n  o f  t h e  exam ple  d a t a .  N o t i c e  t h a t  su c h  d ia g ra m s  r e v e a l  t h e  
p r e s e n c e  o r  l a c k  o f  sy tonetry  o f  t h e  d i s t r i b u t i o n .  A l s o ,  a  more v i v i d  
p i c t u r e  o f  t h e  r e l a t i v e  f r e q u e n c i e s  o f  i n t e r v a l s  i s  shown by t h e  
h i s to g r a m  and f r e q u e n c y  p o ly g o n .  Shou ld  th e  d a t a  be s t u d i e d  i n  v iew  
o f  p r o d u c t  s p e c i f i c a t i o n s ,  t h e  g r a p h i c a l  p r e s e n t a t i o n  p r o v i d e s  in fo rm a ­
t i o n  r e g a r d i n g  p r o c e s s  c a p a b i l i t y  and s t a b i l i t y .
The h e i g h t  o f  e a c h  o f  t h e  b a r s  i n  t h e  h i s to g r a m  and  t h e  v a r i o u s  
p o i n t s  o f  t h e  f r e q u e n c y  p o ly g o n  i n  F ig u r e  1 r e p r e s e n t  t h e  f r e q u e n c i e s  
o f  eac h  c l a s s  i n t e r v a l .  The p o i n t s  o f  t h e  f r e q u e n c y  p o ly g o n  a r e  p l a c e d  
a t  t h e  m i d - p o in t  o f  each  i n t e r v a l  s i n c e  t h e  f r e q u e n c y  r e p r e s e n t s  t h e  
sum o f  a l l  o b s e r v a t i o n s  f a l l i n g  w i t h i n  t h e  l i m i t s  o f  e a c h  i n t e r v a l .
The p r e v io u s  s e c t i o n  on v a r i a b i l i t y  d e m o n s t r a te d  t h a t  p r o c e s s e s  
p r o d u c in g  s i m i l a r  o r  " i d e n t i c a l "  u n i t s  w ere  s u b j e c t  to  i n h e r e n t  v a r i a ­
t i o n .  I f  a  p r o c e s s  i s  s t a b l e ,  t h a t  i s  i f  t h e  f a c t o r s  i n f l u e n c i n g  th e  
n a t u r e  o f  t h e  p ro d u ced  p r o d u c t  a r e  s u b s t a n t i a l l y  c o n s t a n t ,  t h e  u n i t s  
p ro d u c e d  w i l l  v a ry  in  a  p r e d i c t a b l e  f a s h i o n  ab o u t  some a v e r a g e  v a l u e .
As t h e  number o f  o b s e r v a t i o n s  grows v e ry  l a r g e  and th e  w id th s  o f  t h e  
c l a s s  i n t e r v a l s  a r e  re d u c e d  t o  ap p ro a c h  z e r o ,  t h e r e  would be fo rm ed  a 
sm oo th ,  c o n t in u o u s  f r e q u e n c y  c u rv e .  The sh a p e  o f  t h e  c u rv e  r e p r e s e n t i n g  
t h e  d i s t r i b u t i o n  o f  p r o d u c t  m easu rem en ts  p ro d u ced  by a  s t a b l e  p r o c e s s  
may be r e c t a n g u l a r ,  t r i a n g u l a r ,  o r  b e l l - s h a p e d .  F o r  t h e  p r e s e n t ,  o n ly  
t h e  b e l l - s h a p e d  c u rv e  i s  c o n s i d e r e d .
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FIGURE 1
G r a p h ic a l  M ethods o f  P r e s e n t i n g  a  G rouped F requency  D i s t r i b u t i o n
( a )  F req u en cy  Po lygon
100 1
1 .0 0 2.00 3 .0 00 4 .0 0
D e v ia t i o n s  from  Nominal D im ensions
(b )  F req u en cy  H is to g ra m
100
50
0
1 .00 3 .0 0 4 . 0 02 .000
D e v ia t io n s  from  Nominal D im ensions
2 0
The norm al f r e q u e n c y  c u r v e  i s  a b e l l - s h a p e d  c u r v e  and i s  
d e f i n e d  by tw o p a r a m e t e r s ,  t h e  mean and t h e  s t a n d a r d  d e v i a t i o n ,  w h ich  
w i l l  be d i s c u s s e d  in  s u c c e e d in g  s e c t i o n s .  The no rm al f r e q u e n c y  c u r v e  
i s  s y m m e tr ic a l  and c o n t in u o u s  and  t h e  a r e a  u n d e r  t h i s  c u r v e  w i t h i n  
g iv e n  l i m i t s  r e p r e s e n t s  t h e  p r o p o r t i o n  o f  i t e m s  w hich  a r e  e x p e c te d  t o  
f a l l  w i t h i n  t h e s e  l i m i t s .  B e fo re  p u r s u in g  t h e  d i s c u s s i o n  o f  t h e  
p r o p o r t i o n  o f  i te m s  f a l l i n g  w i t h i n  g iv e n  l i m i t s ,  i t  i s  w e l l  t o  c o n s i d e r  
f i r s t  t h e  m e a s u re s  o f  c e n t r a l  t e n d e n c y  and d i s p e r s i o n .
M easu res  o f  C e n t r a l  T en d en cy
I t  w as n o te d  p r e v i o u s l y  t h a t  t h e  f r e q u e n c y  c u r v e  c a n  be 
d e s c r i b e d  by two m e a s u r e s ,  t h a t  o f  t h e  mean and  s t a n d a r d  d e v i a t i o n .
T h e  f o r m e r ,  a  m easure  o f  c e n t r a l  t e n d e n c y ,  s u c c i n c t l y  d e s c r i b e s  th e  
v a l u e  o f  a  d i s t r i b u t i o n  w hich  i s  e x p e c te d  to  o c c u r  m o s t  o f t e n ,  and i s ,  
t h e r e f o r e ,  t h e  v a lu e  w h ich  i s  m o s t  t y p i c a l  o f  t h e  d i s t r i b u t i o n .  The 
m e asu re  m ost o f t e n  u s e d  i n  d e t e r m in i n g  t h e  m ost t y p i c a l  v a l u e  f o r  
d i s t r i b u t i o n s  o f  m a n u fa c tu re d  p r o d u c t s  i s  t h e  a r i t h m e t i c  mean.
A lth o u g h  o t h e r  m e a su re s  o f  c e n t r a l  t e n d e n c y ,  e . g . ,  mode, h a rm o n ic  o r  
g e o m e t r i c  m ean , can  b e  u t i l i z e d  i n  some i n s t a n c e s ,  t h i s  d i s c u s s i o n  s h a l l  
be  c o n f in e d  t o  th e  a r i t h m e t i c  m ean, s i n c e  i t  i s  a lm o s t  e x c l u s i v e l y  u s e d  
i n  q u a l i t y  c o n t r o l  s t u d i e s .
The i n h e r e n t  v a r i a t i o n  o f  a  p r o c e s s  s u g g e s t s  t h a t  t h e r e  w i l l  
b e  v a r i a t i o n  among m a n u fa c tu r e d  p r o d u c t s .  The a r i t h m e t i c  mean i s  t h e  
v a l u e  a b o u t  w h ich  t h e  sum o f  t h e  v a r i a t i o n  i s  z e r o ,  i . e . ,  t h e  d e v i a t i o n s  
o n  e i t h e r  s i d e  o f  t h e  a r i t h m e t i c  mean a r e  e q u a l  and by a r b i t r a r i l y  
a s s i g n i n g  n e g a t i v e  v a l u e s  t o  t h e  d e v i a t i o n s  on  one  s i d e  o f  t h e  mean 
and  p o s i t i v e  v a l u e s  t o  t h e  r e m a in in g  d e v i a t i o n s ,  t h e  sum o f  t h e
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d e v i a t i o n s  i s  e q u a l  to  z e r o .  The a r i t h m e t i c  mean i s  ana logous  to  th e  
c e n t r o i d  of a p l a n e  s u r f a c e  and i s  t h e  f i r s t  moment ab o u t some a x i s ,  
w hich i s  e x p re s s e d  in  g e n e ra l  form by 
_  f  xdA
X «   (1 )
/  dA
The c a l c u l a t i o n  o f  t h e  a r i t h m e t i c  mean o f  ungrouped d a t a ,  e . g . ,
d a t a  o f  small s a m p le s ,  i s  g iv e n  by th e  e q u a t io n
Xi + X2 + . . .  Xn 
X -  — -------     -  —  (2)
N N
w here X n th e  a r i t h m e t i c  mean, X^, X2 , . . . X n , a r e  t h e  ob se rv ed  v a l u e s ,  
and N “  th e  number o f  o b s e r v a t i o n s .  The a r i t h m e t i c  mean o f  g rouped 
d a t a ,  however, r e q u i r e s  a b i t  lo n g e r  method of c a l c u l a t i o n  s i n c e  c l a s s  
i n t e r v a l s  a re  in v o lv e d ,  a l th o u g h  e q u a t io n  ( 2 ) c o u ld  be used  i f  t h e  
i n d i v i d u a l  v a l u e s  a r e  a v a i l a b l e .  Should  d a t a  be a v a i l a b l e  o n ly  i n  t h e  
form  o f  a grouped f req u en cy  d i s t r i b u t i o n ,  th e  a r i t h m e t i c  mean f o r  
grouped d a ta  must be c a l c u l a t e d .  T h is  mean i s  g iv e n  by
V .  £ l * l  * HH * • • •  {nXn .
£l  + f2 + - - - £n 2 £
w here X =* a r i t h m e t i c  mean; fj_, f 2 , . . .  f n a r e  th e  f r e q u e n c i e s  o f  th e  
i n t e r v a l s ,  where ^  f  « N and N “  th e  t o t a l  number o f  i t e m s ,  and Xj.,
X2 , . . .  Xn a re  t h e  m id -v a lu e s  o f  th e  i n t e r v a l s .  T a b le  I I  i l l u s t r a t e s  
th e  c a l c u l a t i o n  o f  th e  a r i t h m e t i c  mean f o r  th e  grouped  d a t a  of t h i s  
exam ple .
An a l t e r n a t e  c a l c u l a t i o n  of t h e  a r i t h m e t i c  mean o f  g rouped  d a ta  
i s  g iv e n  by
I f d '
X -  Xd + ( - ------ ) i (4 )
N
w here Xd “  any a r b i t r a r i l y  s e l e c t e d  m id -v a lu e  o f  some c l a s s  i n t e r v a l ,
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TABLE I I
C om pu ta tion  o f  t h e  A r i t h m e t i c  Mean 
f o r  B e a r in g  D ia m e te rs
D iam e te r
Number o f  
B e a r in g s  ( f )
M id-V alue o f  
I n t e r v a l  (X) fX
0 . 0 0 _ 0 .4 9 9 0 .2 4 5 2 .2 0 5
0 .5 0 •* 0 .9 9 28 0 .7 4 5 20 .8 6 0
1 . 0 0 - 1 .49 42 1.245 5 2 .2 9 0
1 .5 0 - 1 .99 75 1.745 130 .875
2 . 0 0 - 2 .4 9 96 2.245 2 1 5 .5 2 0
2 .5 0 - 2 .9 9 82 2 .745 2 2 5 .0 9 0
3 .0 0 . 3 .4 9 44 3.245 142 .780
3 .5 0 - 3 .9 9 17 3 .745 63 .665
4 .0 0 - 4 .4 9 7 4 .2 4 5 29 .715
TOTAL 400 8 8 6 . 0 0 0
X -
2 f X  886.000
S f 400
-  2 , 2 1
f  ■ t h e  f r e q u e n c y  o f  ea c h  i n t e r v a l ,  d '  ■ th e  d e v i a t i o n  i n  c l a s s  
i n t e r v a l s ,  N ™ th e  t o t a l  number o f  i t e m s ,  and i  ■ c l a s s  i n t e r v a l ,  
w here  a l l  c l a s s  i n t e r v a l s  a r e  e q u a l .  T h is  m ethod  i s  d e m o n s t r a te d  in  
T a b le  I I I .
I t  i s  n o te d  t h a t  t h e  same r e s u l t  i s  a c h i e v e d  w h e th e r  e q u a t io n  
(3 )  o r  ( 4 )  i s  em ployed . The c o m p u ta t io n  o f  t h e  a r i t h m e t i c  mean p r o v i d e s  
t h e  f i r s t  o f  two p a r a m e te r s  w hich sunsna rize  a  s e t  o f  d a t a ,  b u t  a  m e asu re  
o f  t h e  d i s p e r s i o n  o f  t h e  v a l u e s  o f  t h e  d i s t r i b u t i o n  i s  now n e e d e d .
T h is  m e asu re  i s  t h e  s t a n d a r d  d e v i a t i o n ,  w hich i s  c o n s i d e r e d  i n  t h e  
f o l l o w i n g  s e c t i o n .
TABLE I I I
C om pu ta tion  o£ th e  A r i th m e t i c  Mean 
f o r  B e a r in g  D iam e te rs
D iam e te r
Number o f  
B e a r in g s  ( f ) d ’ f d 1
0 .0 0  - 0 .4 9 9 -5 -45
0 .5 0  -  0 .9 9 28 -4 - 1 1 2
1 .00  -  1.49 42 -3 - 1 2 6
1 .50  -  1 .99 75 - 2 -150
2 .0 0  -  2 .4 9 96 - 1 -96 -529
2 .5 0  -  2 .9 9 82 0 . 0
3 .0 0  -  3 .49 44 1 44
3 .5 0  -  3 .9 9 17 2 34
4 .0 0  -  4 .4 9 7 3 2 1 99
TOTAL 400 -430
_  _  £ f d *  -430
X -  Xd + ~ j —  i -  2 .745  + - £ £ £  ( . 5 )  -  2 .21
M easures  o f  D i s p e r s io n
T h e re  a r e  s e v e r a l  m e asu re s  which c a n  be employed to  d e s c r i b e  
th e  d i s p e r s i o n  o r  v a r i a b i l i t y  o f  a d i s t r i b u t i o n .  Some o f  th e  most 
w id e ly  u sed  m e asu re s  in c lu d e  t h e  r a n g e ,  s t a n d a r d  d e v i a t i o n ,  p e r c e n t i l e  
r a n g e ,  q u a r t i l e  d e v i a t i o n ,  and av e ra g e  d e v i a t i o n .  In  s t a t i s t i c a l  
q u a l i t y  c o n t r o l ,  t h e  f i r s t  two m easu re s  a r e  used  a lm o s t  e x c l u s i v e l y ,  
and t h i s  d i s c u s s i o n  w i l l  be c o n f in e d  to  t h e s e  m e a su re s .
The ra n g e  i s  a  s im p le  c o n c e p t ,  s i n c e  i t  i s  m e re ly  t h e  d i f f e r ­
ence  be tw een  t h e  l a r g e s t  and s m a l l e s t  v a l u e s  o f  a d i s t r i b u t i o n .
A lth o u g h  th e  r a n g e  p r o v id e s  t h e  l i m i t s  w i t h i n  w h ich  a l l  v a l u e s  o f  a  
d i s t r i b u t i o n  f a l l ,  i t  does  n o t  p ro v id e  any in f o r m a t io n  abou t t h e  man­
n e r  i n  w hich th e  i n d i v i d u a l  v a l u e s  a r e  c o n c e n t r a t e d .  I t  would a p p e a r  
t h a t  t h e  d i s p e r s i o n  o f  a  d i s t r i b u t i o n  o f  many i te m s  i s  b e t t e r  d e s c r i b e d
by a  more p r e c i s e  m e a s u re ,  w h i l e  t h e  ra n g e  w ou ld  o f t e n  s u f f i c e  f o r  
d i s t r i b u t i o n s  such a s  s m a l l  s a m p le s .  The r a n g e  i s  w id e ly  u s e d  i n  
s t a t i s t i c a l  q u a l i t y  c o n t r o l  b e c a u s e  o f  th e  e a s e  o f  c o m p u ta t io n .
a b o u t  t h e  a r i t h m e t i c  m ean, and i s  t h e  s q u a re  r o o t  o f  t h e  seco n d  moment 
o f  t h e  a r e a  u n d e r  a  f r e q u e n c y  c u rv e  abou t some a x i s .  I t  i s  d e f in e d  a s
T he v a r i a n c e  or O' i s  a n a lo g o u s  t o  th e  moment o f  i n e r t i a  o f  a p l a n e  
s u r f a c e .
An a l t e r n a t e  m ethod f o r  c a l c u l a t i n g  f o r  d i s t r i b u t i o n s  o f  
few  i t e m s  i s  g iv e n  by t h e  r e l a t i o n s h i p
w h ere  X^, X2 , • • •  Xn a r e  th e  i n d i v i d u a l  v a l u e s ,  X ■ t h e  a r i t h m e t i c  
m ean, and N ■ th e  number o f  v a l u e s .
F o r  g rouped  d a t a ,  a  t e c h n i q u e  a n a lo g o u s  t o  (4 )  i s  a v a i l a b l e  
t o  f a c i l i t a t e  th e  c o m p u ta t io n  o f  . I t  i s  s t a t e d  a s
w here  i  =■ t h e  c l a s s  i n t e r v a l ,  g iv e n  t h a t  a l l  i n t e r v a l s  a r e  e q u a l ,  d*
■ t h e  d e v i a t i o n  o f  t h e  m id -v a lu e  o f  some i n t e r v a l  from t h e  mean in  te rm s  
o f  c l a s s  i n t e r v a l  u n i t s ,  f  «* t h e  f r e q u e n c y  o f  an  i n t e r v a l ,  and N -  t h e  
t o t a l  number o f  i te m s  i n  th e  d i s t r i b u t i o n .  C o m p u ta tio n  i s  s i m i l a r  t o  
t h e  d e m o n s t r a t io n  i n  T a b le  I I I .
The s t a n d a r d  d e v i a t i o n  i s  a  m easu re  o f  t h e  d i s p e r s i o n  o f  i t e m s
CT ( 6 )
XXj -  X) 2  + (X2  -  X) 2  + . . .  (Xn -  X) 2
N
( 7 )
cr ( 8 )
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The c o m p u ta t io n  o f  0* e n a b le s  one t o  g a i n  more in f o r m a t io n  f ro m  
a  d i s t r i b u t i o n ,  p ro v id e d  t h e  d i s t r i b u t i o n  i s  a  f a i r l y  good approxim a­
t i o n  o f  a norm al f re q u e n c y  c u rv e .  T h is  a d d i t i o n a l  i n f o r m a t io n  r e s u l t s
from  th e  r e l a t i o n s h i p  o f  & and t h e  a r e a  u n d e r  t h e  normal c u rv e .  S i n c e
t h e  a r e a  u n d e r  t h e  f r e q u e n c y  c u r v e  r e p r e s e n t s  t h e  item s o f  t h e  d i s t r i ­
b u t i o n ,  any p o r t i o n  o f  t h e  a r e a  w i l l  r e p r e s e n t  a  p r o p o r t i o n  o r  
p e r c e n ta g e  o f  t h e  i t e m s .  F o r  a  normal c u r v e ,  687. o f  t h e  a r e a  under 
th e  cu rv e  i s  in c lu d e d  in  a n  i n t e r v a l  of (X + , X - CT ) ,  95.45% i s
in c lu d e d  i n  th e  i n t e r v a l  (X + 2<T , X -  2<X ) ,  and 99.77. l i e s  between
(X + 3 0" , X -  3<X ) .  T hese  r e l a t i o n s h i p s  o r  r e l a t i v e  f r e q u e n c i e s ,  
p l u s  a l l  o t h e r s  u s in g  any m u l t i p l e  o r  f r a c t i o n  o f  O' , e n a b l e  the  
d raw in g  o f  i n f e r e n c e s  abou t t h e  p r o b a b i l i t y  o f  an  o c c u r r e n c e  o f  a 
g iv e n  v a l u e .
A n o th e r  m easure  o f  d i s p e r s i o n  im p o r ta n t  to  s t a t i s t i c a l  q u a l i t y  
c o n t r o l  i s  th e  s t a n d a r d  e r r o r  o f  th e  mean. T h i s  measure d e s c r i b e s  t h e  
d i s p e r s i o n  o f  sam ple  means ab o u t  t h e  a g g r e g a te  d i s t r i b u t i o n  o r  p o p u la ­
t i o n  mean. C o n s id e r in g  t h e  400 i te m s  o f  t h e  d i s t r i b u t i o n  i n  the  
exam ple ,  i f  f o u r  v a lu e s  w ere random ly s e l e c t e d  from th e  d i s t r i b u t i o n ,  
i t  i s  most l i k e l y  t h a t  two v a l u e s  would be o f  m agn itudes  g r e a t e r  th a n  
th e  mean o f  t h e  p o p u l a t i o n  and  two v a lu e s  l e s s  th a n  th e  m ean , s in ce  
t h e  mean o f  a norm al d i s t r i b u t i o n  d iv id e s  t h e  v a lu e s  e q u a l l y .  Should 
th e  v a l u e s  be o b ta in e d  in  t h i s  f a s h i o n ,  t h e  a v e ra g e  o f  t h e  sample s h o u ld  
r a t h e r  c l o s e l y  ap p ro x im a te  t h e  p o p u la t io n  m ean. In  f a c t  i t  i s  e x p e c te d  
t h a t  sample means would be c l o s e l y  grouped a b o u t  th e  p o p u l a t i o n  mean, 
and t h e  g r e a t e r  t h e  number o f  i t e m s  in  each sa m p le ,  th e  s m a l l e r  th e  
d i s p e r s i o n  o f  sam ple  m eans. I f  a l l  400 i t e m s  o f  th e  d i s t r i b u t i o n
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were t a k e n  a s  a s am p le ,  t h e r e  w ou ld ,  o f  c o u r s e ,  be z e r o  d i s p e r s i o n  o f  
th e  sam ple  mean. The d i s p e r s i o n  o f  sam ple means i s  r e l a t e d  t o  t h e  
d i s p e r s i o n  o f  i n d i v i d u a l  v a l u e s  and i s  g iv e n  by
cr  _
x » —  , (9 )
f t r
w here p i s  th e  s t a n d a r d  d e v i a t i o n  o f  t h e  p o p u l a t i o n  and n  i s  t h e  
number o f  i tem s  in  t h e  sam ple . I t  i s  i n t e r e s t i n g  to  n o te  t h a t  sam ple 
means a r e  v e ry  n e a r l y  n o rm a l ly  d i s t r i b u t e d  even  th ough  th e  p o p u l a t i o n  
i t s e l f  i s  n o t . ^
So f a r  t h e  b a s i c  c o n c e p ts  u n d e r ly i n g  th e  s t a t i s t i c a l  q u a l i t y  
c o n t r o l  c h a r t  and some o t h e r  t e c h n iq u e s  u se d  i n  p r o c e s s  a n a l y s i s  have 
been c o n s id e r e d .  I n  t h e  n e x t  s e c t i o n  t h e  t o p i c s  i n  t h i s  s e c t i o n  w i l l  
be a m p l i f i e d  and co u p le d  w ith  o t h e r  c o n c e p ts  to  d e m o n s t r a te  t h e  power 
o f  t h e  c o n t r o l  c h a r t  and how i t  w o rk s .
The C o n tro l  C h a r t  as an A n a l y t i c a l  Tool f o r  D e c is io n s  
I n d u s t r i a l  p r o c e s s e s  p ro d u c e  i te m s  w i th  d im e n s io n s  w hich a r e  
d i s t r i b u t e d  in  s e v e r a l  g e o m e tr ic  s h a p e s .  Some o f  t h e  more common sh a p e s  
a r e  t h e  r e c t a n g u l a r ,  t r i a n g u l a r ,  and  norm al f r e q u e n c y  c u r v e s .  A second  
p o in t  o f  im p o r tan ce  h e r e  i s  t h e  f a c t  t h a t  th e  means o f  sam ples  ta k e n  
from any g iv e n  u n i v e r s e  a r e  v e ry  n e a r l y  n o rm a l ly  d i s t r i b u t e d .  T h is  
n o r m a l i t y  h a s  been  d e m o n s t ra te d  by Shew hart and c o n s t i t u t e s  one o f  t h e  
c o r n e r s t o n e s  o f  s t a t i s t i c a l  c o n t r o l  c h a r t s .
I f  a p r o c e s s  i s  s t a b l e ,  i . e . ,  i f  t h e  f a c t o r s  c o n t r i b u t i n g  to  
th e  v a r i a b i l i t y  o f  t h e  p ro d u c t  v a r y  random ly o r  a r e  c o n s t a n t  and
^ W a l t e r  A. S h ew h ar t ,  Economic C o n tro l  o f  Q u a l i t y  o f  M an u fac tu red  
P ro d u c t  (New York: D. Van N o r s t r a n d  C o . ,  1931 ) ,  p .  182.
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i n t e r a c t  ran d o m ly ,  t h e  d i s t r i b u t i o n  o f  th e  means o f  sam p les  t a k e n  
from  th e  p r o c e s s  w i l l  be a p p ro x im a te ly  n o rm a l ly  d i s t r i b u t e d .  
C o n v e r s e ly ,  i f  a s u f f i c i e n t  number o f  sam ples  a r e  ta k e n  from  a  p r o c ­
e s s  w i th  an unknown d i s t r i b u t i o n ,  i n f e r e n c e s  can be made abou t 
p r o c e s s  s t a b i l i t y  based on th e  d i s t r i b u t i o n  o f  t h e  sam ple  means. The 
s t a t i s t i c a l  c o n t r o l  c h a r t ,  a s  a s t a t i s t i c a l  r e c o r d  o f  s e q u e n t i a l  
sam p les  n o t  o n ly  p r o v id e s  t h e  b a s i s  f o r  d e c i s i o n s  w h e th e r  t o  look  f o r  
nonrandom o r  a s s i g n a b l e  c a u s e s  o f  v a r i a t i o n  w hich i n t e r r u p t  a  s t a b l e  
p r o c e s s ,  b u t  i t  p r o v id e s  an  e s t i m a t e  o f  t h e  p r o c e s s  a v e ra g e ,  i f  t h e  
p r o c e s s  i s  i n  c o n t r o l .
S in c e  sample means a r e ,  t h e o r e t i c a l l y ,  n o rm a l ly  d i s t r i b u t e d  
ab o u t th e  p r o c e s s  a v e ra g e  o f  a p r o c e s s  i n  s t a t i s t i c a l  c o n t r o l ,  i t  i s  
e x p e c te d  t h a t  99.77. o f  a l l  sam ple a v e ra g e s  w i l l  l i e  w i t h i n  t h e  l i m i t s  
o f  th e  p r o c e s s  av e ra g e  p l u s  3 sigm as ( s t a n d a r d  e r r o r  o f  t h e  mean) and 
t h e  p r o c e s s  a v e ra g e  m inus 3 s ig m as .  I t  can  n o t  a lw ays  be d e te rm in e d  
w h e th e r  a p r o c e s s  i s  s t a b l e  o r  u n s t a b l e  on th e  b a s i s  o f  t h e  manner 
i n  which th e  sam ple  means l i e  w i t h i n  th e  3 -s ig m a  l i m i t s ;  r a t h e r ,  one 
m ust c o n s id e r  t h e  co n seq u en c es  o f  lo o k in g  f o r  t r o u b l e  when i t  does  n o t  
e x i s t  and l e a v i n g  th e  p r o c e s s  a lo n e  when i t  i s  a c t u a l l y  u n s t a b l e .  In  
any c a s e ,  t h e  c o n t r o l  c h a r t  p r o v id e s  a p o w erfu l  a n a l y t i c a l  t o o l  to  a i d  
i n  making r a t i o n a l  d e c i s i o n s .  C o n s id e r  th e  c o n s t r u c t i o n  o f  c o n t r o l  
c h a r t s  f o r  means and r a n g e s .
C o n tro l  C h a r t s  f o r  V a r i a b l e s
The 400 m easurem ents  o f  b e a r i n g s  used  in  d e m o n s t r a t in g  t h e  
co m p u ta t io n  o f  t h e  mean and s t a n d a r d  d e v i a t i o n  p ro v id e  an e x c e l l e n t  
exam ple f o r  i l l u s t r a t i n g  th e  c o n s t r u c t i o n  o f  mean and ra n g e  c h a r t s .
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T a b le  IV c o n t a i n s  t h e  a v e r a g e s  and r a n g e s  o f  40 sam ples  o f  10 o b s e r v a ­
t i o n s  e a c h .  T hese  sa m p le s ,  t a k e n  from  t h e  same m a ch in e ,  a r e  i n  o r d e r  
o f  a c t u a l  p r o d u c t i o n  and r e p r e s e n t  ab o u t  a  25% sam ple  o f  t o t a l  p ro d u c ­
t i o n  f o r  t h e  p e r i o d .  I t  i s  g e n e r a l l y  s u g g e s te d  by s t a t i s t i c i a n s  t h a t  
a  minimum o f  25 sam p le s  be u sed  i n  c o n s t r u c t i n g  a  c o n t r o l  c h a r t  so  t h a t  
s u f f i c i e n t  d a t a  i s  a v a i l a b l e  t o  i d e n t i f y  s h i f t s ,  t r e n d s ,  and p a t t e r n s  
i n  t h e  d a t a .  In  t h i s  ex am p le ,  sam p les  o f  10 w ere  t a k e n  t o  p r o v id e  
g r e a t e r  s e n s i t i v i t y  t o  p r o c e s s  v a r i a t i o n s ,  w h ereas  sam ple s i z e s  o f  a s  
few  a s  two o b s e r v a t i o n s  a r e  u s e d  when i t  i s  c o s t l y  t o  t a k e  m e a su re m en ts .
The c o n t r o l  c h a r t  f o r  t h e  means and  r a n g e s  o f  t h e  40 sam p les  i s  
shown i n  F ig u r e s  2 and  3. The sam ple  means a r e  s im p le  a r i t h m e t i c  a v e r ­
a g e s  o f  t h e  10 ung ro u p ed  o b s e r v a t i o n s  o f  eac h  o f  t h e  s a m p le s .  The 
u p p e r  and lo w er  c o n t r o l  l i m i t s  a r e  t h e  3 -s ig m a  l i m i t s  o f  t h e  d i s t r i b u ­
t i o n  o f  sam ple  m eans ,  b a sed  on t h e  a v e ra g e  o f  sam ple r a n g e s .  S t a t i s t i ­
c a l  th e o r y  h a s  shown t h a t  t h e  a v e ra g e  ra n g e  o f  sam p les  c a n  be r e l a t e d  
to  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  p o p u l a t i o n  o r  p r o c e s s . ^  The r a t i o  o f  
R to  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  p r o c e s s  v a r i e s  w i th  t h e  sam ple  s i z e  
and i s  d e s i g n a t e d  a s  d 2 * The r a t i o  R / ^  p r o v i d e s  an e s t i m a t e  o f  t h e  
s t a n d a r d  d e v i a t i o n  o f  t h e  p r o c e s s  based  on  a g iv e n  sam ple  s i z e  and a 
known a v e r a g e  r a n g e .  An e s t i m a t e  o f  t h e  s t a n d a r d  e r r o r  o f  t h e  mean 
i s  s i m i l a r l y  g iv e n  by d i v i d i n g  th e  e s t i m a t e  o f  t h e  p r o c e s s  s t a n d a r d  
d e v i a t i o n  by t h e  s q u a r e  r o o t  o f  t h e  sam ple  s i z e .  Remembering t h a t  t h e  
c o n t r o l  l i m i t s  f o r  means a r e  b a s e d  on t h e  3^~ ^  l i m i t s ,  t h e  a v e ra g e  
ra n g e  c a n  now be u se d  t o  e s t i m a t e  t h e s e  l i m i t s  and i s  g iv e n  by
^ E u g e n e  L. G r a n t ,  S t a t i s t i c a l  Q u a l i t y  C o n t ro l  (New York: 
M cG raw -H ill Book Company, 1 9 5 2 ) ,  p .  83 .
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TABLE IV
B e a r in g  M easu rem en ts  o f  40 S am ples  o f  10 O b s e r v a t i o n s
o f P r o d u c t  from a  M i l l i n g  M achine
D a te A v erag e  Range D a te A v e ra g e Range
9 1 .9 2 5 . 0 1 1 2 .4 8 2 . 2
2 .  2 8 3 .6 2 . 2 0 3 .8
1 . 2 2 4 . 2 2 .4 0 3 .6
1 .9 0 6 . 6 2 .6 0 3 .0
1 . 6 6 3 .2
1 .3 8 2 . 6 14 2 .7 4 5 .0
1 . 2 2 3 .0 2 .3 6 3 . 4
2 .0 4 4 . 0 2 .6 2 3 .0
2 . 0 2 3 .2
1 0 3 .6 2 4 . 0 2 .5 2 4 . 4
2 .5 4 3 .2 3 .0 2 6 . 4
2 .5 0 3 .0 2 .5 0 3 .0
2 .7 8 4 . 0 2 .7 2 3 .0
3 .2 0 5 . 0
2 .7 4 3 .0 15 1 .58 4 .0
2 .8 5 2 . 2 1 . 0 6 3 .6
2 .7 0 2 . 2 1 .0 4 4 . 0
1 .9 0 3 .8
1 1 2 .2 8 3 .8 1 .9 8 4 .0
2 .1 9 4 . 2 1 .4 6 3 .6
2 . 1 2 3 .6 2 . 0 2 4 .0
2 . 0 0 3 .2 1 .9 2 2 .4
f  X - 8 8 .2 8 S  R -  1 4 7 .0
X - 2 . 2 1 R -  3 .5 8
t h e  f o l l o w i n g  e q u a t i o n :
3R
3 <rx - — —  d o )
d 2/ n
To f a c i l i t a t e  t h e  c a l c u l a t i o n  o f  t h e  l i m i t s  b a se d  on R, t h e  r a t i o  o f  
S / d j / n  h a s  b e e n  c a l c u l a t e d  f o r  v a r i o u s  sam ple  s i z e s .  T h e se  v a lu e s *  
r e f e r r e d  t o  a s  A2  a r e  a v a i l a b l e  i n  t e x t s  d e a l i n g  w i t h  s t a t i s t i c a l  
q u a l i t y  c o n t r o l .  The r a t i o  o f  t h e  s t a n d a r d  e r r o r  o f  sam p le  means f o r  
sam p le  s i z e  o f  10 t o  t h e  a v e r a g e  r a n g e  i s  a b o u t  .1  . The c o n t r o l  l i m i t s
FIGURE 2
C o n tro l  C h a r t  f o r  Sample A verages
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3 2
f o r  s am p le  means i n  t h i s  exam ple  a r e
UCLj T -  X + A2R -  2 .2 1  + ( , 3 1 ) ( 3 . 5 8 )  -  3 .3 2 ,  ( 1 1 )
and
LCLjj -  X -  A2R -  2 ,2 1  -  ( , 3 1 ) ( 3 . 5 8 )  -  1 .1 0 ,  ( 1 2 )
w here  X i s  t h e  e s t i m a t e  o f  t h e  p r o c e s s  a v e r a g e  o r  t h e  a v e r a g e  o f  s am p le
m eans, A2  i s  t h e  c o n s t a n t  r e p r e s e n t i n g  t h e  r a t i o  o f  t h e  a v e r a g e  r a n g e  
t o  3 s ig m a s  ( s t a n d a r d  e r r o r  o f  t h e  m e an ) ,  and R i s  t h e  a v e r a g e  r a n g e .
The c o n t r o l  c h a r t  f o r  r a n g e s  in  F i g u r e  3 i l l u s t r a t e s  t h e  
d i s p e r s i o n  o f  t h e  i n d i v i d u a l  s a m p le s .  The d i s t r i b u t i o n  o f  sam ple 
r a n g e s  i s  p r e d i c t a b l e  a s  i n  t h e  c a s e  o f  sam p le  m eans, a l t h o u g h  i t  i s  
skewed and  n o t  n o r m a l ly  d i s t r i b u t e d .  V a lu e s  f o r  c a l c u l a t i o n  o f  t h e  
c o n t r o l  l i m i t s  f o r  r a n g e s  o f  v a r i o u s  sam p le  s i z e s  have a l s o  been  c a l ­
c u l a t e d  s t a t i s t i c a l l y . 1''’ The c o n t r o l  l i m i t s  f o r  r a n g e s  a r e  t h e  3 
l i m i t s ,  b u t  t h e  c o m p u ta t i o n  o f  t h e s e  l i m i t s  i s  made e a s i e r  by t h e  
u s e  o f  t h e  c o n s t a n t s  8 3  and  d ^ ,  w h ich  a r e  somewhat a n a l o g o u s  to  t h e  
u se  o f  A2  f o r  mean c h a r t s .  The v a l u e  o f  i s  e s t i m a t e d  by
w here  <TW i s  t h e  s t a n d a r d  e r r o r  o f  t h e  r a t i o s  o f  R /d 2 . The u p p e r  and 
lo w er  l i m i t s  o f  t h e  skew ed d i s t r i b u t i o n  o f  r a n g e s  a r e  f a c i l i t a t e d  i n  
c o m p u ta t io n  o f  t h e  v a l u e s ,  d^ and d ^ ,  w hich  a r e  t h e  r a t i o s  o f  <Tw/ d 2  
a t  t h e  u p p e r  and lo w e r  p o i n t s .
F o r  t h i s  e x a m p le ,  e m p lo y in g  a  sam ple s i z e  o f  10 , t h e  c o n t r o l  
l i m i t s  f o r  r a n g e s  a r e
1 5 I b i d . ,  p .  1 0 2 .
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UCLr  -  d4R -  ( 1 . 7 8 ) ( 3 . 5 8 )  -  6 . 3 8 ,  (1 4 )
and
LCl^ -  djR  -  ( . 2 2 ) ( 3 . 5 8 )  -  . 7 8 8 ,  (15 )
w here d4  and d^ d r e  t h e  c o n s t a n t s  r e p r e s e n t i n g  t h e  r a t i o  o f  t h e  a v e ra g e  
r a n g e  t o  t h e  u p p e r  and lo w e r  3 -s ig m a  l i m i t s ,  r e s p e c t i v e l y ,  f o r  t h e  
d i s t r i b u t i o n  o f  sam ple  r a n g e s .
I t  can  be s e e n  i n  F ig u r e s  2 and 3 t h a t  some o f  t h e  p o i n t s  on 
t h e  mean and r a n g e  c h a r t s  f a l l  o u t s i d e  t h e  c o n t r o l  l i m i t s .  The q u e s ­
t i o n  t h e n  a r i s e s ,  a r e  t h e s e  o u t - o f - c o n t r o l  p o i n t s  a  r e s u l t  o f  chance  
v a r i a t i o n  o r  a r e  t h e s e  e x t re m e  v a l u e s  due t o  some a s s i g n a b l e  c a u s e  o f  
v a r i a t i o n !  Remembering t h a t  th e  3 - s ig m a  l i m i t s  o f  a  no rm al d i s t r i b u ­
t i o n  in c l u d e  99 . 77. o f  a l l  c a s e s ,  o n e  would e x p e c t  t h a t  o u t  o f  40 sam ple  
means a l l ,  w i th  p o s s i b l y  one  e x c e p t i o n ,  would f a l l  w i t h i n  t h e  c o n t r o l  
l i m i t s .
I n  t h e  c a s e  o f  t h e  c o n t r o l  c h a r t  f o r  m eans, t h r e e  p o i n t s  f a l l  
o u t s i d e  t h e  c o n t r o l  l i m i t s .  I t  w ould  a p p e a r  t h a t  t h e  p o i n t s  l y i n g  
o u t s i d e  t h e  c o n t r o l  l i m i t s  a r e  n o t  t h e  p r o d u c t  o f  a s t a b l e  c a u s e - s y s te m
b u t  a r e  t h e  r e s u l t  o f  some a d d i t i o n a l ,  a s s i g n a b l e  f a c t o r .  S in c e  th e
o u t - o f - c o n t r o l  p o i n t s  w ere  u se d  in  t h e  c a l c u l a t i o n  o f  t h e  mean, i t  
f o l l o w s  t h a t  th e  c o n t r o l  o r  3 -s ig m a  l i m i t s  s h o u ld  be c a l c u l a t e d  e x c lu d ­
in g  t h e  e x t re m e  V a lu e s .  The c o n t r o l  l i m i t s  p r e v i o u s l y  c a l c u l a t e d  w e re ,  
t h e r e f o r e ,  t r i a l  c o n t r o l  l i m i t s .  The t r u e  c o n t r o l  l i m i t s ,  assum ing  
th e  p o i n t s  r e p r e s e n t  a  c o n s t a n t  c a u s e  s y s te m ,  a r e
UCL^ -  2 .2 3  + ( . 3 1 ) ( 3 . 5 2 )  -  3 .3 2  (1 6 )
and
LCLy -  2 .2 3  -  ( . 3 0 ( 3 . 5 2 )  -  1 .1 4 .  (1 7 )
3 4
Com paring  t h e s e  l i m i t s ,  c a l c u l a t e d  w i th  a r e v i s e d  a v e r a g e  r a n g e  a s  
w e l l ,  w i t h  t h e  v a l u e s  i n  T a b l e  IV , no a d d i t i o n a l  p o i n t s  f a l l  o u t s i d e  
t h e  c o n t r o l  l i m i t s .
The r e v i s e d  c o n t r o l  l i m i t s  f o r  t h e  r a n g e  c h a r t  a r e
UCLr  -  ( 1 . 7 8 ) ( 3 5 . 2 )  -  6 .2 7  (1 8 )
and
LCLjt “  ( .  22) ( 3 5 .  2) -  . 7 7 4 .  (1 9 )
T h ese  c o n t r o l  l i m i t s  a l s o  h a v e  o n ly  two p o i n t s  o u t  o f  c o n t r o l .
C o n t r o l  c h a r t s  f o r  s t a n d a r d  d e v i a t i o n s  a r e  a l s o  u s e d  i n  q u a l i t y
c o n t r o l  s t u d i e s .  The b a s i c  c o n c e p t s  u n d e r l y i n g  t h e  c o n t r o l  c h a r t  f o r  
s t a n d a r d  d e v i a t i o n s  a r e  t h e  same a s  t h o s e  f o r  o t h e r  c o n t r o l  c h a r t s  f o r  
v a r i a b l e s ,  e x c e p t  t h a t  t h e  c o n t r o l  l i m i t s  a r e  b a s e d  o n  3 - s ig m a  l i m i t s  
o f  t h e  skewed d i s t r i b u t i o n  o f  s t a n d a r d  d e v i a t i o n s .  The a p p ro x im a te  
v a l u e  o f  f o r  a  no rm al u n i v e r s e  i s
• ( 20)
y / 2 n
The c o m p u ta t i o n  o f  t h e  3 - s ig m a  l i m i t s  i s  made e a s i e r  by  t h e  u s e  o f  t h e  
c o n s t a n t s  B4  and B3 , r e s p e c t i v e l y .  The u p p e r  a n d  lo w e r  c o n t r o l  l i m i t s  
f o r  c o n t r o l  c h a r t s  f o r  s t a n d a r d  d e v i a t i o n s  a r e  c a l c u l a t e d  a s
UCL*. -  5- + 3 <JV - B ( 21)
and
LCL^ -  <T -  3CJ^ p -  b3 cr ( 2 2 )
3 Or 3 CT<r
w here  Ba ■* 1 + — z —  and  B3  ■ 1 -  — " —  .<T <T
H av in g  c o n s t r u c t e d  c o n t r o l  c h a r t s  f o r  v a r i a b l e s  and  h a v i n g  made 
some p r e l i m i n a r y  o b s e r v a t i o n s  a b o u t  t h e  d a t a ,  t h e  f o l l o w i n g  s e c t i o n
p r o v i d e s  a d d i t i o n a l  a n a l y s i s  o f  t h e  d a t a  t o  i l l u s t r a t e  t h e  u s e f u l n e s s  
o f  t h e  c o n t r o l  c h a r t s  i n  p r o v i d i n g  in f o r m a t io n  f o r  d e c i s i o n s .
D e c i s io n s  Based on C o n t r o l  C h a r t s  f o r  V a r i a b l e s
C o n t r o l  c h a r t s  p r o v id e  i n f o r m a t io n  ab o u t two im p o r ta n t  a s p e c t s  
o f  a  p r o c e s s - - i t s  s t a b i l i t y  and i t s  a b i l i t y  t o  p ro d u c e  a  q u a l i t y  p r o d ­
u c t .  T he  s t a b i l i t y  o f  a  p r o c e s s  i s  i n d i c a t e d  by t h e  d i s t r i b u t i o n  o f  
sam ple  means and  r a n g e s .  The m ean in g  o f  p o i n t s  o u t  o f  c o n t r o l  h a s  
a l r e a d y  been  m e n t io n e d ,  bu t  a s  a  g e n e r a l  r u l e  t h e r e  i s  an  i n d i c a t i o n
o f  e x c e l l e n t  p r o c e s s  s t a b i l i t y  i f  0 o u t  o f  25 p o i n t s ,  n o t  m ore t h a n  1
16o u t  o f  35 , o r  2 o u t  o f  100 p o i n t s  f a l l  o u t s i d e  t h e  c o n t r o l  l i m i t s .
On t h i s  b a s i s ,  t h e  d a t a  i n  t h e  exam ple shows f a i r l y  good c o n t r o l .
T h e re  a r e ,  ho w ev er ,  o t h e r  f a c t o r s  t o  be c o n s i d e r e d  i n  j u d g i n g  
s t a b i l i t y ,  f o r  t h e  p r o c e s s  may s h i f t  w i th  r e s p e c t  t o  i t B  a v e r a g e ,  i t s  
d i s p e r s i o n ,  o r  b o th .  F ig u r e  2 i n d i c a t e s  t h a t  t h e r e  h a s  been  a  s h i f t  
i n  t h e  p r o c e s s  a v e ra g e  in  t h e  p e r i o d  w h i l e  t h e  40 sam p le s  w ere  t a k e n .  
N o t ic e  t h a t  t h e  m id d le  t w o - t h i r d s  o f  t h e  sam ple  means a p p e a r  to  have  
a  d i f f e r e n t  a v e ra g e  from  t h e  f i r s t  and l a s t  g ro u p s .  On th e  o t h e r  h a n d ,  
t h e  r a n g e s  o f  t h e  sam p le s  show good c o n t r o l ,  i n d i c a t i n g  t h a t  t h e  sam ple  
means hav e  s h i f t e d  b u t  t h e  d i s p e r s i o n  h a s  been  somewhat c o n s t a n t .  P r o c ­
e s s  a v e r a g e  s h i f t s  a r e  i n d i c a t e d  when 7 s u c c e s s i v e  p o i n t s  on t h e  c o n t r o l  
c h a r t  a r e  on t h e  same s i d e  o f  X, and when 10 ou t  o f  11, 12 o f  14, 14 
o f  17 , 16 o f  20 s u c c e s s i v e  p o i n t s  a r e  on t h e  same s i d e  o f  X. ^
F ig u r e  2 shows 8  s u c c e s s i v e  p o i n t s  o n  t h e  u p p e r  s i d e  o£ X, 
i n d i c a t i n g  t h e  p r o b a b i l i t y  o f  a  s h i f t  i n  t h e  p r o c e s s  a v e ra g e .  I n  a d d i ­
t i o n ,  t h e  d a t e  and th e  h o u r  o f  eac h  s h i f t  i s  g iv e n .  N o t i c e  t h a t  th e  
s h i f t  s t a r t s  w i th  t h e  b e g in n in g  o f  t h e  1 0 t h  day and  ends  w i t h  t h e  
l a s t  o f  t h e  1 4 th  day . I n  t h i s  c a s e  i t  i s  c l e a r  t h a t  t h i s  i s  more th a n  
j u s t  c o i n c i d e n c e  and i l l u s t r a t e s  t h e  pow er o f  t h e  c o n t r o l  c h a r t  to  
i n d i c a t e  a s s i g n a b l e  c a u s e s  o f  v a r i a t i o n .  I n c i d e n t a l l y ,  a  p r o c e s s  
a v e ra g e  s h i f t  accom panied  by a  somewhat c o n s t a n t  sam ple  d i s p e r s i o n  i s  
o f t e n  an  i n d i c a t i o n  o f  c a r e l e s s  m achine s e t t i n g  by t h e  o p e r a t o r .
I n  t h i s  ex am p le ,  t h e  r a n g e  c h a r t  i n d i c a t e s  no s e r i o u s  la c k  o f  
c o n t r o l ,  f o r  o n ly  two p o i n t s  a r e  o u t s i d e  t h e  c o n t r o l  l i m i t s .  E r r a t i c  
v a r i a t i o n s  i n  sam ple r a n g e s ,  how ever ,  o f t e n  r e f l e c t  t h e  s k i l l  o f  an  
o p e r a t o r  i n  ru n n in g  a  m a c h in e ,  bu t may be  t h e  r e s u l t  o f  v a r i o u s  t y p e s  
o f  a s s i g n a b l e  c a u s e s .
To t h i s  p o i n t  s e v e r a l  a s p e c t s  o f  t h e  a b i l i t y  o f  c o n t r o l  c h a r t s  
t o  r e f l e c t  p r o c e s s  c h a r a c t e r i s t i c s  h av e  b e e n  p r e s e n t e d ,  b u t  now 
c o n s i d e r  t h e  d e c i s i o n s  t h a t  t h e  c o n t r o l  c h a r t s  s u g g e s t .  F i r s t ,  t h e  
m ost common d e c i s i o n  p r e s e n t s  i t s e l f  i n  t h e  form o f  t h e  q u e s t i o n ,  
" S h o u ld  we h u n t  f o r  t r o u b l e  i n  th e  p r o c e s s  o r  s h o u ld  we l e a v e  th e  
p r o c e s s  a lo n e ? "  The d e c i s i o n  s h o u ld  be b ased  on t h e  r e l a t i v e  s t a b i l i t y  
o f  t h e  p r o c e s s  and i t s  s t a t e  o f  c o n t r o l  a s  i n d i c a t e d  by t h e  a p p e a ra n c e  
o f  t h e  c o n t r o l  c h a r t .
A seco n d  d e c i s i o n  i s  in v o lv e d  i n  t h e  q u e s t i o n ,  "Can t h e  p r o c ­
e s s  p ro d u c e  a  p r o d u c t  o f  good q u a l i t y , . i . e . , does  t h e  p r o d u c t  meet 
s p e c i f i c a t i o n s ? "  T h is  q u e s t i o n  i n v o l v e s  some c o n s i d e r a t i o n s  w hich 
s h o u ld  be  expanded  a t  t h i s  p o i n t .  The c o n t r o l  c h a r t s  f o r  means and
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r a n g e s  p r o v i d e  an  i n d i c a t i o n  o f  t h e  s t a b i l i t y  o f  a  p r o c e s s .  H ow evert 
e v e n  i f  a  p r o c e s s  i s  ju d g e d  t o  be i n  s t a t i s t i c a l  c o n t r o l  on t h e  b a s i s  
o f  c o n t r o l  c h a r t s ,  i t  i s  s t i l l  p o s s i b l e  f o r  t h e  p r o c e s s  t o  p ro d u c e  
u n i t s  w h ich  a r e  o f  u n a c c e p ta b l e  q u a l i t y .  I n  t h i s  s e n s e ,  q u a l i t y  i s  
b a s e d  on t h e  a d h e re n c e  o f  t h e  p r o d u c t  t o  e x i s t i n g  s p e c i f i c a t i o n  l i m i t s .  
I f  th e  s p r e a d  o f  th e  s p e c i f i c a t i o n  l i m i t s  i s  s m a l l e r  th a n  t h e  6 -s ig m a  
s p r e a d  o f  t h e  p r o c e s s  d i s t r i b u t i o n ,  some p r o d u c t  w i l l  a lw ays  be  
r e j e c t e d .  Even i f  t h e  s p e c i f i c a t i o n  l i m i t s  c o i n c i d e  w i th  t h e  6 - s ig m a  
l i m i t s  o f  t h e  p r o c e s s  d i s t r i b u t i o n ,  a b o u t  . 3% o f  p r o d u c t  w i l l  f a l l  o u t ­
s i d e  s p e c i f i c a t i o n .
A t h i r d  d e c i s i o n  now a r i s e s ,  "S h o u ld  t h e  p r o c e s s  be a d j u s t e d  
o r  th e  s p e c i f i c a t i o n  l i m i t s  m o d i f i e d ? "  I t  f r e q u e n t l y  h appens  t h a t  
s p e c i f i c a t i o n  l i m i t s  a r e  s e t  on some i d e a l i z e d  d e s i g n  b a s i s ,  and  
l i t t l e  o r  no r e g a r d  i s  g iv e n  to  t h e  c o s t  o f  m a i n t a i n i n g  such  s p e c i f i c a ­
t i o n s .  I f  i t  sh o u ld  happen  t h a t  n e i t h e r  p r o c e s s  d i s p e r s i o n  n o r  
s p e c i f i c a t i o n s  can  be a l t e r e d ,  t h e r e  i s  t h e  a l t e r n a t i v e  o f  1007. i n s p e c ­
t i o n  of t h e  p r o d u c t  t o  s o r t  o u t  and  s c r a p  o r  rew ork  d e f e c t i v e s .  One 
h u n d re d  p e r  c e n t  i n s p e c t i o n  i s  n o t  f u l l y  e f f i c i e n t ,  how ever,  b e c a u s e  
o f  human e r r o r  and f a t i g u e .
On t h e  o t h e r  h a n d ,  i f  t h e  s p r e a d  o f  t h e  s p e c i f i c a t i o n  l i m i t s  
i s  somewhat l a r g e r  t h a n  t h e  p r o c e s s  s p r e a d ,  t h e  p ro b le m  i s  s im p ly  t o  
c e n t e r  t h e  p r o c e s s  b e tw ee n  th e  s p e c i f i c a t i o n  l i m i t s  to  e l i m i n a t e  t h e  
m a n u fa c tu r e  o f  d e f e c t i v e  p r o d u c t .
*
A f o u r t h  ty p e  o f  d e c i s i o n  c o n c e rn s  t h e  a c c e p ta n c e  o f  p r o d u c t  
b a s e d  on c o n t r o l  c h a r t s  f o r  v a r i a b l e s .  I n  a c c e p t i n g  p r o d u c t s  b a s e d  
o n  p ro d u c t  m e asu re m en ts  o r  v a r i a b l e s ,  c o n t r o l  c h a r t s  f o r  v a r i a b l e s  a r e
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u s e f u l  o n ly  i f  t h e  s p e c i f i c a t i o n  l i m i t s  a r e  w ide  enough t o  a l l o w  f o r  
t h e  s p r e a d  o f  t h e  sam ple  v a l u e s  ( r e c a l l  t h a t  t h e  c o n t r o l  l i m i t s  f o r  
mean c h a r t s  a r e  t h e  3 - s t a n d a r d  e r r o r  l i m i t s ) .  I n  a c c e p t a n c e ,  h o w ev er ,
"go"  an d  " n o -g o "  g a u g e s  f o r  m easu red  a t t r i b u t e s  o r  1007. i n s p e c t i o n  
may be m ore e c o n o m ic a l ,  o r  s a m p l in g  a c c e p ta n c e  p l a n s  may be  m ore 
s u i t a b l e .
O th e r  T e c h n iq u e s  o f  S t a t i s t i c a l  Q u a l i t y  C o n t r o l
I t  i s  e v i d e n t  from  t h e  f o r e g o in g  p r e s e n t a t i o n  t h a t  c o n t r o l  
c h a r t s  f o r  v a r i a b l e s  a r e  f o r m id a b le  d e v i c e s  f o r  a n a l y z i n g  p ro b le m s  o f  
q u a l i t y  c o n t r o l  and p r o v id e  a  r a t i o n a l  b a s i s  f o r  d e c i s i o n s .  The 
c o n t r o l  c h a r t s  f o r  v a r i a b l e s ,  ho w ev er ,  a r e  l i m i t e d  t o  t h e  a n a l y s i s  o f  
q u a l i t y  c h a r a c t e r i s t i c s  w h ich  c a n  be d e te rm in e d  in  t h e  fo rm  o f  m e a su re ­
m e n ts .  Many q u a l i t y  c h a r a c t e r i s t i c s  can  b e  o b s e rv e d  o n ly  i n  te rm s  o f  
a t t r i b u t e s ,  w h ich ,  i n  t h e  j a r g o n  o f  q u a l i t y  c o n t r o l ,  r e f e r s  t o  a  
c h a r a c t e r i s t i c  o f  a  p r o d u c t  a s  b e in g  o f  e i t h e r  a c c e p t a b l e  o r  u n a c c e p t ­
a b l e  q u a l i t y .
Much o f  t h e  d a t a  g a t h e r e d  and  r e p o r t e d  i n  i n d u s t r y  i s  in  th e  
form  o f  a t t r i b u t e s ,  f o r  i n  many c a s e s  i t  i s  u n eco n o m ica l  o r  im p o s s ib l e  
t o  g a t h e r  t h e  d a t a  i n  te rm s  o f  v a r i a b l e s .  F o r  t h i s  r e a s o n  c o n t r o l  c h a r t s  
f o r  a t t r i b u t e s  a r e  m ost u s e f u l  i n  c e r t a i n  a p p l i c a t i o n s .  C o n t r o l  c h a r t s  
f o r  a t t r i b u t e s  l a c k  t h e  s e n s i t i v i t y  t h a t  i s  p r o v id e d  by c o n t r o l  c h a r t s  
f o r  v a r i a b l e s ,  b u t  n e v e r t h e l e s s  do p o i n t  up a s s i g n a b l e  c a u s e s  o f  v a r i a ­
t i o n .  C o n t ro l  c h a r t s  f o r  a t t r i b u t e s  a r e  g e n e r a l l y  c l a s s i f i e d  a s  p - c h a r t s ,  
n p - c h a r t s ,  and c - c h a r t s .  Each o f  t h e s e  t y p e s  o f  c h a r t s  w i l l  be  b r i e f l y  
d e s c r i b e d ,  b u t  b e c a u s e  o f  t h e i r  l i m i t e d  a p p l i c a t i o n  t o  t h i s  s tu d y  
e x t e n s i v e  t r e a t m e n t  w i l l  n o t  be g iv e n .
T he f i r s t  t y p e  o f  c h a r t ,  t h e  p - c h a r t ,  a l s o  known a s  t h e  c o n t r o l
c h a r t  f o r  f r a c t i o n  d e f e c t i v e ,  i s  a  c o n t r o l  c h a r t  b a s e d  upon t h e  r a t i o  
o f  t h e  number o f  d e f e c t i v e  u n i t s  o f  p r o d u c t  found  in  any in s p e c t e d  
g roup  o r  s e r i e s  o f  i n s p e c t e d  g ro u p s  t o  t h e  t o t a l  number o f  u n i t s  
i n s p e c t e d .  The a v e ra g e  f r a c t i o n  d e f e c t i v e ,  p ,  i s  u s e d  i n  t h e  com puta­
t i o n  o f  t r i a l  c o n t r o l  l i m i t s  and i s  an  e s t i m a t e  o f  p * » th e  u n i v e r s e  
f r a c t i o n  d e f e c t i v e  w h ich  i s  r a r e l y  known. A lth o u g h  t h e r e  i s  c o n s i d e r ­
a b l e  v a r i a t i o n  i n  f r a c t i o n  d e f e c t i v e  from  sam ple  t o  s a m p le ,  t h e  r e l a t i v e  
f r e q u e n c i e s  o f  sam p le  f r a c t i o n  d e f e c t i v e s  a r e  e x p e c te d  t o  be d i s t r i b u t e d  
a c c o r d in g  t o  t h e  b in o m ia l  law  i f  t h e  u n i v e r s e  f r a c t i o n  d e f e c t i v e  i s  
u n ch an g e d .  The s t a n d a r d  d e v i a t i o n  o f  t h e  f r a c t i o n  d e f e c t i v e  i s  g iv e n  by
and i s  t h e  b a s i s  f o r  com pu ting  t r i a l  c o n t r o l  l i m i t s  w here p i s  assum ed 
an  a d e q u a te  a p p ro x im a t io n  o f  p 1 . The c o n t r o l  l i m i t s  f o r  p - c h a r t s  a r e  
g iv e n  by
I f ,  ho w ev er ,  t h e  su b g ro u p  s i z e  i s  c o n s t a n t ,  n i s  t h e  same f o r  a l l  
g r o u p s ,  and  t h e  a c t u a l  number o f  d e f e c t i v e s  may be u s e d .  Such a  c o n d i ­
t i o n  e n a b l e s  t h e  u s e  o f  t h e  c o n t r o l  c h a r t  f o r  num ber o f  d e f e c t i v e s  o r  
t h e  n p - c h a r t .  The c o n t r o l  l i m i t s  a r e  g iv e n  by
(2 3 )
(2 4 )
and
LCLp -  p -  3<^p -  p
3 J  p ( l - p )
(2 5 )
4 0
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and
LCLnp « p -  3<Tnp -  p -  3 / n ? (  U ? )  , (2 7 )
I t  i s  a p p a r e n t  t h a t  t h e  c o n t r o l  l i m i t s  f o r  t h e  n p - c h a r t  a r e  more e a s i l y
c a l c u l a t e d  th a n  t h o s e  f o r  t h e  p - c h a r t ,  b u t  a n o t h e r  a d v a n ta g e  l i e s  i n  
t h e  f a c t  t h a t  t h e  n p - c h a r t  i s  e a s i e r  t o  u n d e r s t a n d  th a n  t h e  p - c h a r t .
On t h e  o t h e r  h a n d ,  d a t a  i s  o f t e n  n o t  i n s p e c t e d  in  g ro u p s  o f  an e q u a l  
number o f  u n i t s  and  p - c h a r t s  a r e  n e c e s s i t a t e d .
I f  i t  s h o u ld  h a p p e n ,  h o w ev er ,  t h a t  d a t a  c a n  o r  m ust be r e c o r d e d
in  number o f  d e f e c t s  p e r  u n i t ,  t h e  c - c h a r t  o r  c o n t r o l  c h a r t  f o r  d e f e c t s
c a n  b e  u s e d .  I t  sh o u ld  be  p o i n t e d  o u t  t h a t  a  d e f e c t  f o r  p u rp o s e s  o f  
t h e  c - c h a r t  i s  any  f a i l u r e  o f  a n  i n s p e c t e d  u n i t  to  m eet any number o f  
s p e c i f i c a t i o n s ,  w h i le  a  d e f e c t i v e  u s u a l l y  r e f e r s  t o  t h e  f a i l u r e  o f  a 
p r o d u c t  t o  m ee t some s p e c i f i c  q u a l i t y  s t a n d a r d .  A p p l i c a t i o n s  o f  t h e  
c - c h a r t  a r e  n o t  w id e s p re a d  i n  i n d u s t r y ,  f o r  d a t a  a r e  o f t e n  n o t  
a p p r o p r i a t e  f o r  t h e  e co n o m ica l  u s e  o f  c - c h a r t s .
I n  most c a s e s ,  t h e  su b g ro u p  f o r  t h e  c - c h a r t  i s  a  s i n g l e  u n i t .
The c - c h a r t  i s  b a sed  on  th e  a s s u m p t io n  t h a t  t h e  number o f  d e f e c t s  p e r  
u n i t  a r e  d i s t r i b u t e d  a c c o r d in g  t o  t h e  P o i s s o n  d i s t r i b u t i o n .  I f ,  h o w ev er ,  
d i f f e r e n t  t y p e s  o f  d e f e c t s  h a v e  d i f f e r e n t  a v e r a g e s ,  t h e  r e s u l t i n g  d i s t r i ­
b u t i o n  o f  o b s e rv e d  number o f  d e f e c t s  w i l l  n o t  be a  P o i s s o n  d i s t r i b u t i o n  
u n l e s s  a  co u n t  i s  made o f  t h e  com bined number o f  o c c u r r e n c e s  o f  a l l  
t y p e s  o f  d e f e c t s  and t h e  c o m b in a t io n  o f  d e f e c t s 'o c c u r s  a t  random.
The s t a n d a r d  d e v i a t i o n  o f  t h e  P o i s s o n  d i s t r i b u t i o n  i s  s im p ly  
t h e  s q u a r e  r o o t  o f  t h e  mean and i n  t h e  c a s e  o f  c - c h a r t s  t h e  mean i s  
c ’ , t h e  s t a n d a r d  v a l u e  o f  a v e r a g e  number o f  d e f e c t s  p e r  u n i t .  The 
v a l u e  c* i s  e s t i m a t e d  by c ,  t h e  o b s e rv e d  a v e r a g e  f o r  u s e  i n  th e
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c o m p u ta t io n  o f  t r i a l  c o n t r o l  l i m i t s .  T hese  l i m i t s  a r e  g iv e n  by
UCLc -  c + 3J~T (2 8 )
and
LCLc -  c -  3J~c~. (2 9 )
I t  s h o u ld  be n o te d  t h a t  t h e  v a lu e  o f  3 (Tc i s  s u b t r a c t e d  from  c i n  th e  
c o m p u ta t io n  o f  c o n t r o l  l i m i t s ;  how ever,  t h e  P o i s s o n  i s  no t  a  symmet­
r i c a l  d i s t r i b u t i o n  and t h e  3 -s ig m a  l i m i t s  do n o t  r e p r e s e n t  eq u a l  
p r o b a b i l i t i e s  f o r  p o i n t s  f a l l i n g  o u t s i d e  th e  c o n t r o l  l i m i t s .  I t  i s  
d e s i r a b l e  t h e r e f o r e  t o  u s e  p r o b a b i l i t y  l i m i t s  r a t h e r  t h a n  3-sigroa l i m i t s  
i n  some c a s e s .
To t h i s  p o in t  em phasis  h a s  been g iv e n  to  t h e  te c h n iq u e s  o f
s t a t i s t i c a l  q u a l i t y  c o n t r o l  u t i l i z e d  i n  t h i s  s tu d y .  No l e s s  im p o r ta n t ,
how ever,  a r e  a  number o f  o t h e r  s t a t i s t i c a l  t e c h n iq u e s  w hich  a r e  u sed  
in  t h e  a n a l y s i s  o f  q u a l i t y  c o n t r o l  p ro b lem s  and w h ich  s h o u ld  be men­
t i o n e d .  One such  te c h n iq u e  i s  t h e  a c c e p ta n c e  s a m p l in g  p l a n ,  which 
u t i l i z e s  s t a t i s t i c a l  laws i n  t h e  d e s ig n  o f  sa m p l in g  p ro c e d u re s  f o r  
i n s p e c t i o n  o f  l o t s  o f  p r o d u c t .  A ccep tan ce  sa m p lin g  does n o t  i n s u r e  
t h a t  a c c e p te d  l o t s  a r e  o f  b e t t e r  q u a l i t y  th a n  r e j e c t e d  l o t s ;  r a t h e r ,  
i n  v iew  o f t h e  law s o f  p r o b a b i l i t y  o f  o c c u r r e n c e ,  l o t s  o f  b e t t e r  q u a l i t y  
w i l l  be a c c e p te d  more o f t e n  th a n  p o o r e r  l o t s .
When t h e  d e c i s i o n  i s  a lw ays  b a s e d  on th e  e v id e n c e  s u p p l i e d  by 
one sample t h e  p l a n  i s  c a l l e d  a  s i n g l e  sam p lin g  p l a n .  O th e r  p la n s  
i n v o lv e  t h e  u se  o f  doub le  and  even  m u l t i p l e  s a m p le s .  D ouble sam p ling  
p e r m i t s  t h e  making o f  t h e  a c c e p ta n c e  d e c i s i o n  o n  t h e  b a s i s  o f  t h e  
f i r s t  o r  s eco n d  sam ple  and u s u a l l y  r e s u l t s  i n  l e s s  t o t a l  i n s p e c t i o n .  
M u l t i p l e  sam p lin g  p r o v id e s  s i m i l a r  a d v a n ta g e s .  A ccep tan ce  sam p ling
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p l a n s  can  b e  u sed  f o r  a t t r i b u t e s  o r  v a r i a b l e s ,  b u t  th e  u s e  o£ v a r i a b l e s  
p r o v id e s  more i n f o r m a t io n  th a n  t h e  u s e  o f  a t t r i b u t e s ,  p ro v id e d  d a ta  
can  be o b t a i n e d  i n  te rm s  o f  m easu rem en ts .
O th e r  t e c h n iq u e s  u s e f u l  i n  q u a l i t y  c o n t r o l  in v o lv e  t h e  t e s t i n g  
o f  h y p o th e s e s  c o n c e rn in g  th e  p r o p o r t i o n ,  mean, o r  v a r i a n c e  o f  a  u n iv e r s e  
o r  t h e  d i f f e r e n c e s  o f  two means o r  two p r o p o r t i o n s  o r  th e  r a t i o  of two 
v a r i a n c e s .  The s t a t i s t i c a l  t h e o r y  u n d e r ly in g  s u c h  t e s t s  i s  e q u iv a le n t  
to  th e  th e o r y  o f  a c c e p ta n c e  s a m p l in g .
Some a d d i t i o n a l  t e s t s  u s e f u l  i n  q u a l i t y  c o n t r o l  s t u d i e s  a re  
t e s t s  o f  n o r m a l i t y  and t e s t s  o f  goodness of f i t s  o f  t h e o r e t i c a l  cu rv e s  
w i th  o b s e rv e d  d a t a .  A n a ly s i s  o f  v a r i a n c e ,  a n o t h e r  t e c h n iq u e ,  i s  one 
o f  t h e  m ost p o w erfu l  t o o l s  o f  s t a t i s t i c a l  a n a l y s i s  and c o n s i s t s  o f  
c l a s s i f y i n g  and c r o s s - c l a s s i f y i n g  s t a t i s t i c a l  r e s u l t s  and t e s t i n g  
w h e th e r  t h e  means o f  a  s p e c i f i e d  c l a s s i f i c a t i o n  d i f f e r  s i g n i f i c a n t l y .  
T here  a r e  a l s o  a  number o f  t e c h n i q u e s ,  supp lem en t airy to  and a s s o c i a t e d  
w i th  a n a l y s i s  o f  v a r i a n c e ,  w hich a r e  very  u s e f u l  i n  q u a l i t y  c o n t r o l  
s t u d i e s .  One such te c h n iq u e  f o r  com paring v a r i a n c e s  e s t i m a t e d  from 
a v e ra g e  sam ple  r a n g e s  i s  u sed  in  t h i s  s tu d y .
Two t e c h n iq u e s  som etim es u t i l i z e d  in  q u a l i t y  c o n t r o l  a n a l y s i s  
a r e  r e g r e s s i o n  and c o r r e l a t i o n .  T hese  te c h n iq u e s  can  be a p p l i e d  to  
two o r  more v a r i a b l e s  and to  l i n e a r  o r  n o n - l i n e a r  r e l a t i o n s h i p s .  A 
f i n a l  c o n c e p t  m en tio n ed  h e r e  i s  t h e  d e s ig n  of e x p e r im e n t s .  P r e v io u s ly  
c i t e d  t e c h n iq u e s  d e a l  w i th  t h e  e v a l u a t i o n  o f  r e s u l t s  o f  e x p e r im e n ts ,  
w h i le  t h i s  l a s t  c o n c e p t  d e a l s  w i t h  t h e  r e l a t i v e  e f f i c i e n c y  o f  v a r io u s  
e x p e r im e n ta l  d e s ig n s .
CHAPTER I I I
THE ROLE OF STATISTICAL QUALITY CONTROL 
IN THE MANUFACTURING ORGANIZATION
I t  i s  a x io m a t i c  to  say  t h a t  t h e  q u a l i t y  o f  p ro d u c ts  
m a n u fa c tu re d  and d i s t r i b u t e d  by a m a n u fa c tu r in g  o r g a n i z a t i o n  i s  one 
o f  th e  m a jo r  d e t e r m in a n t s  o f  i t s  lo n g - r u n  s u c c e s s .  E q u a l ly  v a l i d ,  
how ever, i s  t h e  s t a t e m e n t  t h a t  p r o d u c t  v a r i a t i o n  i s  i n h e r e n t  i n  a  
p r o d u c t i v e  p r o c e s s .  I t  i s  e v i d e n t ,  t h e r e f o r e ,  t h a t  t h e  l o n g - r u n  
o b j e c t i v e s  o f  p r o f i t a b i l i t y  and p ro lo n g e d  s u r v i v a l  of th e  f i r m  a r e  
i n t e g r a l l y  l i n k e d  w i th  t h e  economic c o n t r o l  of q u a l i t y .  I t  i s  e s s e n ­
t i a l  t h e n ,  i f  m a n a g e r ia l  a c t i v i t y  i s  to  be p e r fo rm e d  r e a l i s t i c a l l y ,  
t h a t  management u t i l i z e  an u n d e r s t a n d i n g  o f  t h e  n a t u r e  of p r o d u c t  
v a r i a t i o n  i n  t h e  p e r fo rm a n c e  o f  i t s  b a s i c  f u n c t i o n s .  The e f f e c t i v e  
u se  o f  s t a t i s t i c a l  t e c h n iq u e s  i n  t h e  economic c o n t r o l  of q u a l i t y  b e g in s  
w ith  t h e  r e c o g n i t i o n  o f  i n t r i n s i c  v a r i a t i o n ,  fo l lo w e d  by th e  p r o v i s i o n  
o f  a s t a t i s t i c a l  q u a l i t y  c o n t r o l  s t a f f  and th e  m a in te n a n c e  o f  an  a c t i v e  
q u a l i t y  c o n t r o l  p rog ram . I n  t h i s  c h a p t e r  each o f  t h e  r e q u i s i t e s  f o r  
e f f e c t i v e l y  u s in g  s t a t i s t i c a l  q u a l i t y  c o n t r o l  i n  a  m a n u fa c tu r in g  
o r g a n i z a t i o n  w i l l  be c o n s id e r e d .
Management R e c o g n i t i o n  o f  th e  S t a t i s t i c a l
Q u a l i t y  C o n t ro l  F u n c t io n
I t  a p p e a r s  t h a t  management, i n  g e n e r a l ,  d o es  p o s s e s s  a  c e r t a i n
q u a l i t y - m in d e d n e s s ,  f o r  t h e  c o n t in u e d  s u c c e s s  o f  a  g r e a t  number o f
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m a n u f a c t u r e r s ,  t h e  common o c c u r r e n c e  o f  i n s p e c t i o n  and q u a l i t y  c o n t r o l  
g ro u p s  e v e n  i n  s m a l l e r  o r g a n i z a t i o n s ,  and t h e  v a s t  a r r a y  o f  i n s p e c t i o n  
and t e s t i n g  e q u ip m en t b e a r  w i t n e s s  t o  t h e  e m p h a s is  on q u a l i t y .  On t h e  
o t h e r  h a n d ,  f u n c t i o n i n g  s t a t i s t i c a l  q u a l i t y  c o n t r o l  g ro u p s  and  p ro g ra m s  
a r e  much m ore i n f r e q u e n t l y  found  in  m a n u f a c tu r i n g .  I t  i s  a l l  to o  com- 
mon, f o r  ex a m p le ,  t o  f i n d  f i r m s  w h ich  hav e  e l a b o r a t e  i n s p e c t i o n  e q u i p ­
ment and s i z e a b l e  i n s p e c t i o n  d e p a r t m e n t s  b u t  w h ich  do n o t  m a i n t a i n  a  
s t a t i s t i c a l  q u a l i t y  c o n t r o l  g roup  o r  r e g u l a r l y  employ th e  p o w e r fu l  
a n a l y t i c a l  t o o l s  o f  s t a t i s t i c a l  q u a l i t y  c o n t r o l .
M an ag em en t 's  f a i l u r e  t o  u t i l i z e  s t a t i s t i c a l  t o o l s ,  p a r t i c u l a r l y  
i n  m a n u f a c t u r i n g ,  i s  a t  t im e s  d i f f i c u l t  t o  u n d e r s t a n d  i n  v ie w  o f  t h e  
b e n e f i t s  to  be h a d  th r o u g h  t h e  u s e  o f  s t a t i s t i c a l  a n a l y s i s .
Few p ro b le m s  i n  management a r e  more n a t u r a l l y  s u s c e p t i b l e  
t o  s c i e n t i f i c  a n a l y s i s  t h a n  t h e  p ro b le m  o f  q u a l i t y  c o n t r o l .  
I n s p e c t o r s  and  o p e r a t o r s  make m y r i a d s  o f  m e a su re m e n ts .  The 
r e s u l t a n t  d a t a  can  d i s c l o s e  n o t  o n ly  t h e  n a t u r e  o f  t h e  p r o d u c t  
b u t  a l s o  t h e  n a t u r e  o f  t h e  p r o c e s s  w hich  made t h e  p r o d u c t .  
T hrough  t h e s e  d a t a
1. The p r o c e s s  can  be im proved  to  make th e  p r o d u c t  b e t t e r  
i n  t h e  f i r s t  p l a c e .
2 . The p r o c e s s  c a n  be r e g u l a t e d  t o  p e r p e t u a t e  t h i s  
im provem en t.
3. T he s p e c i f i c a t i o n s  c a n  be  im proved  th r o u g h  know ledge  
o f  p r o c e s s  c a p a b i l i t y .
4 .  D e t a i l  i n s p e c t i o n s  c a n  be e l i m i n a t e d .
5 . S c r a p ,  r e w o rk ,  and o t h e r  l o s s e s  c a n  b e  m in im iz e d .
6. Consum er c o m p la in t s  c a n  b e  re d u c e d .
7. Q u a l i t y  r e p u t a t i o n  c a n  be  im p ro v ed .
I t  i s  a p p a r e n t  f ro m  t h e  f o r e g o i n g  t h a t  t h e  t e c h n i q u e s  o f  s t a ­
t i s t i c a l  q u a l i t y  c o n t r o l  p r o v i d e  a  means o f  u n c o v e r in g  th e  p a t t e r n  o f  
v a r i a t i o n  i n h e r e n t  i n  a  g iv e n  p r o c e s s .  W ith th e  p r o c e s s  a c c u r a t e l y
M. J u r a n ,  " A p p l i c a t i o n s  o f  S t a t i s t i c s  t o  t h e  S c ie n c e  o f  
M anagem en t,"  M e c h a n ic a l  E n g i n e e r i n g , LXXI ( A p r i l ,  1 9 4 9 ) ,  322 .
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d e s c r i b e d ,  s u b s e q u e n t  a c t i o n  c a n  be  t a k e n  by management t o  r e d u c e  c o s t s ,  
im prove  t h e  q u a l i t y  o f  p r o d u c t s  m a n u fa c tu r e d  and  d i s t r i b u t e d ,  and  more 
f u l l y  a c h i e v e  t h e  l o n g - r u n  o b j e c t i v e s .  I n  v ie w  o f  t h e  o b v io u s  b e n e f i t s  
t o  be h ad  by u t i l i z i n g  s t a t i s t i c a l  q u a l i t y  c o n t r o l  t e c h n i q u e s  i t  i s  
p e r t i n e n t  t o  a s k ,  "Why a r e  t h e  s t a t i s t i c a l  t o o l s  n o t  m ore w id e ly  u s e d  
in  m a n u f a c tu r i n g ? "  Some i n s i g h t  i n t o  t h e  a n sw e r  t o  t h i s  q u e s t i o n  i s  
g iv e n  by t h e  f o l l o w i n g :
The f a i l u r e  t o  a p p l y  t h e  ( s t a t i s t i c a l )  t e c h n i q u e s  h a s  
c e r t a i n l y  n o t  b e e n  due to  any  d e s i r e  on t h e  p a r t  o f  m an ag ers  
t o  p e r p e t u a t e  s c r a p  l o s s e s ,  i n s p e c t i o n  c o s t s ,  and  consum er 
c o m p l a i n t s .  The m a n ag e rs  q u i t e  o b v i o u s l y  w ant t o  Im prove 
t h e i r  p e r fo rm a n c e  i n  t h e s e  r e s p e c t s .  G r a n te d ,  t h e r e  i s  some 
i n d i f f e r e n c e  among t h o s e  m a n ag e rs  who a r e  d ru g g e d  by f a v o r a b l e  
p r o f i t  s t a t e m e n t s  and who a r e  n o t  d r i v e n  by econom ic  n e c e s s i t y  
t o  sp e n d  t im e  on  how t o  im prove  o p e r a t i o n s . . . N e i t h e r  h a s  th e  
f a i l u r e  t o  a p p ly  t h e  t e c h n i q u e s  b e e n  d u e  t o  a  l a c k  o f  t e c h n i ­
c a l  know ledge  on  t h e  p a r t  o f  t h e  I n d u s t r i a l  s t a t i s t i c i a n s . . .  
i t  l i e s  i n  t h e i r  l a c k  o f  know ledge  o f  t h e  n a t u r e  o f  t h e  
m a n a g e r i a l  p r o c e s s  a n d ,  i n  p a r t i c u l a r ,  i n  t h e i r  l a c k  o f  know­
le d g e  o f  human r e l a t i o n s . 2
The f o r e g o i n g  s u g g e s t s  two r e a s o n s  f o r  th e  f a i l u r e  t o  u t i l i z e  
s t a t i s t i c a l  q u a l i t y  c o n t r o l :  ( 1 )  a  l a c k  o f  em p h as is  f ro m  to p  m anage­
m e n t ,  and  ( 2 )  an  i n s u f f i c i e n t  u n d e r s t a n d i n g  o f  human r e l a t i o n s .  I n  
t h e  f o l l o w i n g  s e c t i o n s  t h e  i m p l i c a t i o n s  o f  t h e s e  r e a s o n s  w i l l  be 
c o n s i d e r e d .
S u b o r d i n a t e s  c o n c e r n  th e m s e lv e s  p r i m a r i l y  w i th  t h e  p ro b le m s  
w h ich  a p p e a r  t o  be o f  g r e a t e s t  i n t e r e s t  t o  t h e i r  s u p e r i o r s .  C onse­
q u e n t l y ,  i f  t o p  management d o e s  n o t  p r o v i d e  and a c t i v e l y  s u p p o r t  a  
s t a t i s t i c a l  q u a l i t y  c o n t r o l  p ro g ra m ,  t h e  s u b o r d i n a t e  o r g a n i z a t i o n a l  
l e v e l s  w i l l  f o l l o w  s u i t .  I t  i s  w e l l  t o  p o i n t  o u t  h e r e  t h a t  t h e  t o o l s
2 I b i d . ,  p .  3 2 2 .
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o f  s t a t i s t i c a l  q u a l i t y  c o n t r o l  a r e  a p p l i c a b l e  t o  a  h o s t  o f  p ro b le m s  
o u t s i d e  t h e  a r e a  o f  p r o d u c t i o n .  I n  f a c t ,  any  p r o c e s s  w h ich  p o s s e s s e s  
ch a n c e  v a r i a t i o n  c a n  be  a n a l y z e d  f o r  s t a t i s t i c a l  s t a b i l i t y  th r o u g h  
s t a t i s t i c a l  q u a l i t y  c o n t r o l  t e c h n i q u e s .  I n  C h a p te r  I I  s e v e r a l  a p p l i c a ­
t i o n s  o f  s t a t i s t i c a l  c o n t r o l  t e c h n i q u e s  t o  n o n p r o d u c t i o n  p ro b le m s  w e re  
n o te d .
I t  h a s  now become a p p a r e n t  t h a t  i t  i s  m ost im p o r t a n t  t h a t
management i n  p e r f o r m i n g  i t s  b a s i c  f u n c t i o n s  r e c o g n i z e s  t h e  e x i s t e n c e
o f  (1 )  t h e  a r r a y  o f  p r o c e s s e s  w h ich  h av e  b a s i c  c h a n c e  v a r i a t i o n  p a t t e r n s
a n d  ( 2 )  t h e  n eed  f o r  t h e  u s e  o f  s t a t i s t i c a l  t e c h n i q u e s  t o  a n a l y z e  and
q u a n t i t a t i v e l y  d e s c r i b e  t h e  p r o c e s s e s .
C o n s id e r  t h e  f u n c t i o n a l  a r e a  o f  p l a n n i n g  i n  v ie w  o f t h e
f o l l o w i n g  d e s c r i p t i o n .
. . . i n  p l a n n i n g ,  a  m an ag er  u s e s  f a c t s ,  and  r e a s o n a b l e  
a s s u m p t io n s  o r  p r e m i s e s ,  an d  f ro m  t h e s e  f a c t s  and  p r e m i s e s  
he v i s u a l i z e s  and  f o r m u l a t e s  w hat t h e  n e c e s s a r y  a c t i v i t i e s  
a r e ,  how t h e y  w i l l  be c o n d u c t e d ,  and  t h e i r  c o n t r i b u t i o n  t o  
a c h i e v i n g  d e s i r e d  r e s u l t s .  E f f e c t i v e  p l a n n i n g  i s  b a s e d  on  
f a c t s . . . P e r t i n e n t  f a c t s  a r e  c o l l e c t e d  and a n a l y z e d ;  t h e  
p ro p o s e d  a c t i v i t i e s  a r e  b a s e d  o n  t h e  s i t u a t i o n  w h ich  t h e  
f a c t s  i n d i c a t e . ^
P l a n n i n g  i n v o l v e s  d e c i s i o n - m a k i n g  b a se d  on  f a c t s  and a lm o s t  e v e ry
d e c i s i o n  i s  c o n c e rn e d  i m p l i c i t l y  o r  e x p l i c i t l y  w i t h  f a c t o r s  h a v in g
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q u a l i t y  c h a r a c t e r i s t i c s .  S t a t i s t i c a l  q u a l i t y  c o n t r o l  t e c h n i q u e s ,  by 
i d e n t i f y i n g  a s s i g n a b l e  c a u s e s  o f  v a r i a t i o n ,  p r o v i d e  a  r a t i o n a l  b a s i s  
f o r  d e c i s i o n s .  The p l a n n i n g  o f  p r o d u c t  d e s i g n  and s p e c i f i c a t i o n s ,
^G eorge  R. T e r r y ,  P r i n c i p l e s  o f  Management ( T h i r d  E d i t i o n ;  
Homewood, I l l i n o i s :  R ic h a r d  D. I r w i n ,  1 9 6 0 ) ,  p .  123.
^H enry  H. A l b e r s ,  O r g a n iz e d  E x e c u t iv e  Ac11o n  (New Y ork :
J o h n  W iley  & S o n s ,  1 9 6 1 ) ,  p .  4 1 0 .
47
f o r  ex am p le ,  i s  more r e a l i s t i c a l l y  done i n  v iew  o f  p r o c e s s  c a p a b i l i ­
t i e s  a s  d e te rm in e d  by s t a t i s t i c a l  q u a l i t y  c o n t r o l  c h a r t s ;  p u r c h a s in g  
p o l i c y  can  be m ore r a t i o n a l l y  d e te rm in e d  on t h e  b a s i s  o f  t h e  h i s t o r i c a l  
r e c o r d  o f  t h e  q u a l i t y  o f  incom ing  raw m a t e r i a l  b a s e d  on a c c e p ta n c e  
s a m p l in g ;  i n v e n to r y  p o l i c y  f o r  raw  m a t e r i a l  can  be  b ased  on t h e  r e c o r d  
o f  f r a c t i o n  o f  d e f e c t i v e s .
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  o p e r a t i o n s  r e s e a r c h  u t i l i z e s
th e  c o n c e p t  o f  s t a t i s t i c a l  c o n t r o l ,  t h e  b a s i s  f o r  Shew hart c o n t r o l
c h a r t s ,  i n  a n a l y z i n g  econom ic v a l u e s  such  a s  m e a s u re s  o f  e f f e c t i v e n e s s ,
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t o t a l  c o s t ,  p r o f i t ,  e t  c e t e r a ,  f o r  p la n n in g  p u r p o s e s .  A ls o ,  r e c e n t l y  
more and  more e m p h as is  h a s  b een  g iv e n  t o  l o n g - r a n g e  p l a n n i n g ,  due to  
l o n g - t e r m  com m itm ents . I t  would a p p e a r  t h a t  m anagem ent, i n  o r d e r  t o  
h e l p  i n s u r e  t h a t  t o d a y ' s  d e c i s i o n  which seems o p t im a l  d o es  n o t  i n  
f a c t  become s u b o p t im a l  i n  t h e  f u t u r e ,  w ould  u t i l i z e  ev e ry  r e l i a b l e  
s o u r c e  o f  f a c t u a l  i n f o r m a t io n  i n  making d e c i s i o n s .  For ex am p le ,  th e  
p r o c e s s  c a p a b i l i t y  o f  an  a u to m a te d  v e r s u s  a  n o n -a u to m a te d  p r o c e s s  
w ould be  o f  g r e a t  v a l u e  i n  m aking a c a p i t a l  in v e s tm e n t  d e c i s i o n .
S t a t i s t i c a l  q u a l i t y  c o n t r o l  i s  r e l a t e d  to  t h e  m a n a g e r i a l  f u n c ­
t i o n  o f  o r g a n i z i n g  in  s e v e r a l  r e s p e c t s .  F i r s t ,  t h e  m a in te n a n c e  o f  
q u a l i t y  i n  p r o d u c t i o n ,  p u r c h a s i n g ,  i n v e n t o r y ,  a n d  o t h e r  a r e a s  must be 
r e c o g n iz e d  a s  a d e f i n i t e  p a r t  o f  th e  t a s k  n e c e s s a r y  t o  a c h ie v e  th e  
l o n g - r u n  o b j e c t i v e s .  S eco n d ,  t h e  a c t i v i t i e s  o f  s t a t i s t i c a l  q u a l i t y  
c o n t r o l  s h o u ld  b e  g ro u p ed  i n t o  a  r e c o g n iz e d  u n i t  i n  t h e  o r g a n i z a t i o n a l  
s t r u c t u r e ,  and s t a f f e d  w i t h  q u a l i f i e d  p e r s o n n e l .  F i n a l l y ,  t h e
^D. F .  Boyd, " O p e r a t io n s  R e s e a rc h  i n  I n d u s t r y , "  I n d u s t r i a l  
Q u a l i t y  C o n t r o l , XI (May, 1 9 5 5 ) ,  56.
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r e l a t i o n s h i p  o f  t h e  s t a t i s t i c a l  q u a l i t y  c o n t r o l  g roup  t o  o t h e r  f u n c ­
t i o n a l  u n i t s  m ust be e s t a b l i s h e d ,  a u t h o r i t y  d e l e g a t e d ,  m eans o f  
com m unica tion  s p e c i f i e d ,  and d u t i e s  d e f i n e d .  A more d e t a i l e d  d i s c u s ­
s i o n  o f  th e  ab o v e  c o n s i d e r a t i o n s  w i l l  f o l l o w  i n  t h e  n e x t  s e c t i o n .
The s u c c e s s  t h a t  t h e  s t a t i s t i c a l  q u a l i t y  c o n t r o l  s t a f f  w i l l  
h av e  i n  o b t a i n i n g  d a t a  and  a p p ly in g  t h e  r e s u l t s  o f  s u b s e q u e n t  a n a l y s i s  
d epends  upon i t s  u n d e r s t a n d i n g  o f  t h e  a r t  o f  m anagem ent, p a r t i c u l a r l y  
a s  r e l a t e d  t o  human r e l a t i o n s .  The s t a t i s t i c a l  a n a l y s t  i s  d ep en d e n t 
upon  th e  c o o p e r a t i o n  o f  w o rk e rs  in  o b t a i n i n g  p r im a r y  d a t a  And im p le ­
m e n tin g  th e  r e s u l t s  o f  s t u d i e s .  I t  i s  e s s e n t i a l ,  t h e r e f o r e ,  t h a t  t h e  
a n a l y s t  have some u n d e r s t a n d i n g  o f  b a c k g ro u n d ,  e x p e r i e n c e s ,  a m b i t i o n s ,  
f e a r s ,  and o t h e r  p s y c h o lo g i c a l  c h a r a c t e r i s t i c s  o f  t h e  p e o p l e  th ro u g h  
whom he must w ork .  The r e c o g n i t i o n  o f  th e  key r o l e  t h a t  em ployee 
m o t i v a t i o n  p l a y s  i n  t h e  s u c c e s s  o f  s t a t i s t i c a l  q u a l i t y  c o n t r o l  s h o u ld  
prom pt management t o  s e l e c t  t h e  s t a t i s t i c a l  s t a f f  i n  v ie w  o f  t h e i r  
e v id e n c e d  a b i l i t i e s  i n  u n d e r s t a n d i n g  and d e a l in g  w ith  p e o p l e .
S t a t i s t i c a l  q u a l i t y  c o n t r o l  p r o v id e s  t e c h n iq u e s  f o r  m e a su r in g  
c u r r e n t  p e r fo rm a n c e s  w i t h  t h e  s t a n d a r d s  p r e d e te rm in e d  in  t h e  p la n n in g  
p h a s e .  As i n s t r u m e n t s  o f  m a n a g e r ia l  c o n t r o l ,  t h e  s t a t i s t i c a l  t e c h n iq u e s
o f  q u a l i t y  c o n t r o l  c a n ,  f o r  exam ple ,  h e l p  p r e v e n t  s u b s t a n d a r d  p r o d u c t s
from  r e a c h in g  t h e  m a rk e t ,  r e d u c e  th e  a c c e p ta n c e  o f  d e f e c t i v e  p u r c h a s e s ,  
and a id  i n  b r i n g i n g  a  s t a t i s t i c a l l y  u n s t a b l e  p r o c e s s  i n t o  c o n t r o l .
A n o th e r  ( p u r p o s e )  i s  t o  gauge  th e  p e r fo rm a n c e  o f  m a n a g e r ia l  
and o p e r a t i n g  p e r s o n n e l .  Q u a l i t y  c o n t r o l  can  a l s o  be u sed  t o
I n d i c a t e  d e f i c i e n c i e s  and t e c h n i q u e s  t h a t  can be u s e d  to  o v e r ­
come them . An e v a l u a t i o n  o f  a c t u a l  r e s u l t s  may p i n p o i n t  t e c h n i ­
c a l  and  human p ro b le m s  t h a t  w e re  n o t  a n t i c i p a t e d  d u r i n g  th e  
p l a n n i n g  p h a se .  6
^ A l b e r s ,  o£. c l t . , p .  410.
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In  summary, t h e  f i r s t  s t e p  tow ard  r e a p i n g  t h e  b e n e f i t s  of 
s t a t i s t i c a l  q u a l i t y  c o n t r o l  l i e s  i n  m anagem ent’ s  r e c o g n i t i o n  o f  t h e  
s t a t i s t i c a l  q u a l i t y  c o n t r o l  f u n c t i o n  by i n c o r p o r a t i n g  t h e  u s e  o f  t h e  
s t a t i s t i c a l  t e c h n i q u e s  i n  t h e  p e r fo rm a n c e  o f  t h e  b a s i c  m a n a g e r ia l  
f u n c t i o n s .  A q u a l i t y  c o n t r o l  s t a f f ,  c a n n o t ,  by i t s e l f ,  i n s u r e  h ig h  
q u a l i t y  o f  p e r fo rm a n c e  any more th a n  an  i n s p e c t i o n  d e p a r tm e n t  can 
in s p e c t  q u a l i t y  i n t o  a p r o d u c t .  R a t h e r ,  m a n ag em e n t 's  a t t i t u d e  tow ard  
s t a t i s t i c a l  q u a l i t y  c o n t r o l  and  t h e  c o r r e s p o n d in g  a c t i v i t i e s  o f  t h o s e  
who p l a n  and p e r fo rm  th e  a c t u a l  p r o d u c t i o n  w i l l  u l t i m a t e l y  d e te rm in e  
th e  q u a l i t y  l e v e l  w hich w i l l  be a c h ie v e d .
S t a t i s t i c a l  Q u a l i t y  C o n t ro l  a s  a  S t a f f  F u n c t i o n
U n le s s  a c t i o n  i s  t a k e n  a f t e r  p ro b le m s  have been  a n a l y z e d ,  
s t a t i s t i c a l  q u a l i t y  c o n t r o l  i s  u s e l e s s .  The s t a t i s t i c a l  q u a l i t y  
c o n t r o l  g roup  m u s t ,  t h e r e f o r e ,  be p la c e d  i n  an  o r g a n i z a t i o n a l  p o s i t i o n  
which w i l l  i n s u r e  t h e  im p le m e n ta t io n  o f  i t s  reco m m en d a tio n s .  B e fo re  
c o n s i d e r i n g  t h e  v a r i o u s  ways i n  w h ich  s t a t i s t i c a l  q u a l i t y  c o n t r o l  
g roups have been p l a c e d  i n  o r g a n i z a t i o n a l  s t r u c t u r e s ,  i t  i s  w e l l  t o  
b r i e f l y  c o n s i d e r  t h e  r e l a t i o n s h i p  o f  s t a t i s t i c a l  q u a l i t y  c o n t r o l  w i th  
t h e  p r o d u c t i v e  p r o c e s s .
I n  o r d e r  t o  have  h ig h  q u a l i t y  o f  t h e  f i n a l  p r o d u c t ,  c o n t r o l  
o f  p ro d u c t  q u a l i t y  must be p r e s e n t  i n  a l l  s t a g e s  o f  t h e  p r o d u c t i v e  
p r o c e s s ,  from  p r o d u c t  d e s ig n  th ro u g h  f i n a l  t e s t i n g .  Some exam ples  o f  
t h e  t y p i c a l  f a c t o r s  i n f l u e n c i n g  t h e  q u a l i t y  o f  th e  end p r o d u c t  a re  
d e s c r i b e d  a s  f o l l o w s :
1. E n g i n e e r in g — from  t h e  v ie w p o in t  o f  o r i g i n a l  d e s i g n ,  s e l e c ­
t i o n  o f  m a t e r i a l ,  t o l e r a n c e s ,  e t c .
2. M a t e r i a l  o r d e r i n g - - i n  s e l e c t i o n  o f  v e n d o r s ,  and  ty p e  o f
q u a l i t y  g u a r a n t e e  r e q u e s t e d .
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3 . P la n n in g  and m e th o d s — i n  s e l e c t i o n  o f  m a c h in e s ,  t o o l s ,  
p r o c e s s e s ,  and  d e s i g n  o f  j i g s  and f i x t u r e s ,
4 .  F a c to r y  p e r s o n n e l — from  t h e  v ie w p o in t  o f  t h e  s k i l l  o f
o p e r a t o r s ,  m ach ine  s e t u p ,  em ployee m o r a l e ,  e t c .
5 .  I n s p e c t i o n  and t e s t — from  t h e  v ie w p o in t  o f  j u d g in g  q u a l i t y
o f  incom ing  m a t e r i a l ,  p r o c e s s e s ,  m ach ine  p a r t s ,  s u b -  
a s s e m b l i e s  and t h e  f i n i s h e d  p r o d u c t . ?
I n  v iew  o f  t h e  many f a c t o r s  t h a t  can  a f f e c t  t h e  q u a l i t y  o f  t h e
f i n i s h e d  p r o d u c t  i t  i s  e s s e n t i a l  t h a t  q u a l i t y  c o n t r o l  a c t i v i t i e s  be
i n t e g r a t e d  th r o u g h o u t  th e  m a n u fa c tu r in g  o r g a n i z a t i o n .  T h i s  need
*
s u g g e s t s  t h e  e s t a b l i s h m e n t  o f  a s p e c i a l i z e d  u n i t  w hich  can  d e a l  w i th  
q u a l i t y  c o n t r o l  p ro b le m s  o f  an  i n t e r d e p a r t m e n t a l  n a t u r e .  F i r s t ,  
c o n s i d e r  t h e  s p e c i a l i z e d  n a t u r e  o f  t h e  q u a l i t y  c o n t r o l  g ro u p .
The p e r s o n n e l  o f  a s t a t i s t i c a l  q u a l i t y  c o n t r o l  group  i d e a l l y  
p o s s e s s  a  d u a l  n a t u r e .  S in c e  q u a l i t y  v a r i a t i o n  c a n  a r i s e  i n  any o f  
t h e  s e v e r a l  s t a g e s  o f  p r o d u c t i o n ,  t h e  q u a l i t y  c o n t r o l  s t a f f  s h o u ld  have  
a r a t h e r  b ro a d  p e r s p e c t i v e  o f  t h e  m a n u fa c tu r in g  p r o c e s s ,  p r e f e r a b l y  
g a in e d  b o th  th ro u g h  fo rm a l  e d u c a t i o n  and i n d u s t r i a l  e x p e r i e n c e .  On 
t h e  o t h e r  h a n d ,  t h e  q u a l i t y  c o n t r o l  p e r s o n n e l  n eed  a  s p e c i a l i z e d  know­
le d g e  o f  t h e  t e c h n i q u e s  o f  s t a t i s t i c s ,  q u a l i t y  c o n t r o l ,  and t h e  a n a l ­
y s i s  o f  d a t a .  When management h a s  a ssem b led  a g roup  w i th  t h e s e  u n iq u e  
q u a l i f i c a t i o n s ,  t h e n  t h e  a u t h o r i t y  t o  c o n d u c t  t h e  q u a l i t y  c o n t r o l  
a c t i v i t i e s  c a n  be c o n f i d e n t l y  d e l e g a t e d .
Some o f  th e  t y p i c a l  r e s p o n s i b i l i t i e s  o f  a  s t a t i s t i c a l  c o n t r o l  
group i n c l u d e :
1. D e v is in g  s t a t i s t i c a l  q u a l i t y  c o n t r o l  p r o c e d u r e s  a d a p te d  
t o  th e  p a r t i c u l a r  m a n u f a c tu r i n g  o r g a n i z a t i o n .
2 . P r e p a r i n g  any n e c e s s a r y  form s and w r i t t e n  i n s t r u c t i o n s  
f o r  t h e  e f f e c t i v e  u s e  o f  t h e s e  p r o c e d u r e s .
?T. D. Foy, " A p p ly in g  Q u a l i t y  C o n t r o l  E f f e c t i v e l y , "  M achine 
D e s ig n ,  XXVIII (N ovem ber, 1 9 4 6 ) ,  128.
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3. A d v i s in g  o t h e r s  ( f o r  e x a m p le ,  p r o d u c t i o n  and i n s p e c t i o n  
p e r s o n n e l )  o n  s p e c i f i c  a p p l i c a t i o n s ,
A. L ooking  f o r  good p l a c e s  f o r  new a p p l i c a t i o n s  and  p ro m o tin g  
s u c h  a p p l i c a t i o n s  w h e re v e r  t h e y  a r e  d i s c o v e r e d .
5 . R ev iew ing  c o n t r o l  c h a r t s  a t  r e g u l a r  i n t e r v a l s  t o  s e e  w h e th e r
l i m i t s  a r e  c o r r e c t l y  c a l c u l a t e d  and  i n t e r p r e t e d . , . o r
w h e th e r  i t  ( t h e  c o n t r o l  c h a r t )  s h o u ld  be m o d i f i e d  o r  ab andoned .
6 . P r o v i d i n g  a  s o u r c e  o f  i n f o r m a t i o n — a n d ,  i n  some c a s e s ,  
fo rm a l  t r a i n i n g > - f o r  p e r s o n n e l  r e l a t i v e  t o  s t a t i s t i c a l  q u a l -  
i t y  c o n t r o l  p r i n c i p l e s  and m e th o d s ,
7 .  Making a  co m p re h e n s iv e  a n a l y s i s  o f  p i l o t  r u n s  i n  c o n n e c t io n  
w i t h  t h e  d ev e lo p m en t o f  a  new d e s i g n  o r  a  new p r o d u c t .
8 .  C a l l i n g  a t t e n t i o n  o f  p r o d u c t i o n ,  i n s p e c t i o n ,  and e n g i n e e r ­
in g  e x e c u t i v e s  to  any  s i t u a t i o n s  r e q u i r i n g  t h e i r  a t t e n t i o n
a s  i n d i c a t e d  by t h e  e v id e n c e  o f  c o n t r o l  c h a r t s  o r  o t h e r  
q u a l i t y  r e c o r d s .
9 .  E v a l u a t i n g  t h e  q u a l i t y  l e v e l  f o r  management i n  p e r i o d i c  
r e p o r t s . ®
The r e s p o n s i b i l i t i e s  d e s c r i b e d  above  f i t  t h e  d e s c r i p t i o n  of 
t h e  d u t i e s  o f  a  t y p i c a l  s t a f f  u n i t .
Next c o n s i d e r  t h e  s i t u a t i o n  in  w hich  t h e  s t a t i s t i c a l  q u a l i t y  
c o n t r o l  s t a f f  roust d e a l  w i th  q u a l i t y  c o n t r o l  p ro b lem s  o f  an i n t e r ­
d e p a r tm e n ta l  n a t u r e .  Some p ro b le m s ,  w hich  a t  f i r s t  g la n c e  a p p e a r  t o  
be  o f  a  r a t h e r  r o u t i n e  d e p a r t m e n t a l  n a t u r e ,  may i n  f a c t  be such  t h a t  
t h e  a l t e r a t i o n  o f  s t a n d a r d s  o r  m e thods  o f  one  o r  more o t h e r  d e p a r t ­
m en ts  may b e  r e q u i r e d  b e f o r e  t h e  p ro b lem s  c a n  be  r e s o l v e d .  F o r  
exam ple ,  a  s tu d y  o f  p r o c e s s  c a p a b i l i t y  o f  a  p r o d u c t i o n  d e p a r tm e n t  
shows t h a t  t h e  m a c h in e s ,  even  when a l l  show s t a t i s t i c a l  s t a b i l i t y ,  
c a n n o t  p ro d u c e  a l l  p a r t s  w i t h i n  s p e c i f i c a t i o n s .  I t  becomes a p p a r e n t  
t h a t  a  r e v ie w  o f  t h e  d e s ig n  s p e c i f i c a t i o n s  by t h e  e n g i n e e r i n g  d e p a r t ­
ment i s  w a r r a n t e d .  Now i f  t h e  q u a l i t y  c o n t r o l  s t a f f  i s  n o t  p la c e d  i n
® G rant, og . c i t . , pp . 4 6 3 -4 6 4 .
q
Elm ore P e t e r s o n  and E. G ro sv e n o r  Plowman, B u s in e s s  O r g a n i z a t i o n  
and Management (Homewood, I l l i n o i s :  R ic h a r d  D. I r w in ,  1 9 4 8 ) ,  pp . 258-
259.
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an  o r g a n i z a t i o n a l  p o s i t i o n  w hich  w i l l  b r i n g  t h i s  i n t e r d e p a r t m e n t a l  
p ro b lem  to  t h e  a t t e n t i o n  o f  to p  m anagem ent, t h e  p ro b le m  can  be s h e lv e d  
by t h e  e n g i n e e r i n g  d e p a r tm e n t  i n  d e f e n d in g  i t s  p o s i t i o n  o f  d e s i r i n g  
" s a f e t y "  i n  d e s i g n ,  w h i l e  t h e  p r o d u c t i o n  d e p a r tm e n t  i s  s t i l l  u n a b l e  
t o  m eet s p e c i f i c a t i o n s  f u l l y .  S i m i l a r  s i t u a t i o n s  a r i s e  o f t e n  in  th e  
c o u r s e  o f  q u a l i t y  s t u d i e s ,  and em phasize  th e  need  f o r  t h e  q u a l i t y  
c o n t r o l  g roup  t o  be p l a c e d  i n  a  s t a f f  p o s i t i o n  w hich  r e p o r t s  d i r e c t l y  
t o  t o p  management.
I n  p r a c t i c e ,  s t a t i s t i c a l  q u a l i t y  c o n t r o l  g ro u p s  a r e  p l a c e d  i n  
a  v a r i e t y  o f  o r g a n i z a t i o n a l  p o s i t i o n s ,  r a n g in g  from  a d v i s o r y  g ro u p s  
s u b o r d i n a t e  t o  a  p r o d u c t i o n  d e p a r tm e n t  t o  a l i n e  u n i t  w h ich  i s  
d i r e c t l y  s u p e r i o r  t o  such  d e p a r tm e n ts  a s  p r o d u c t i o n ,  e n g i n e e r i n g ,  
p e r s o n n e l ,  p u r c h a s i n g ,  e t  c e t e r a .  T h e re  a r e  d e f i n i t e  a d v a n ta g e s  and 
d i s a d v a n t a g e s  t o  each  ty p e  o f  o r g a n i z a t i o n a l  s t r u c t u r e  and i t  i s  w e l l  
to  c o n s i d e r  some o f  t h e s e .
The p la c e m e n t  o f  t h e  s t a t i s t i c a l  q u a l i t y  c o n t r o l  s t a f f  a s  a 
u n i t  s u b o r d i n a t e  t o  t h e  m a n u f a c tu r in g  d e p a r tm e n t  i s  shown i n  F ig u r e
4 . I n  t h i s  t y p e  o f  s t r u c t u r e  t h e  r e s p o n s i b i l i t y  f o r  i n s p e c t i o n  i s  
com bined w i th  t h a t  o f  s t a t i s t i c a l  a n a l y s i s .  Such an  a rran g em en t  i s  
l o g i c a l  from  t h e  p o i n t  o f  v iew  t h a t  t h e  i n s p e c t o r s  a r e  v e ry  f a m i l i a r  
w i t h  w hat f a c t o r s  s h o u ld  b e  c o n t r o l l e d  and t h a t  i n s p e c t o r s  do a  m a jo r  
p a r t  o f  t h e  s t a t i s t i c a l  s a m p l in g .  The i n s p e c t o r s  g a t h e r  a l a r g e  p o r ­
t i o n  o f  t h e  d a t a  u s e d  f o r  a n a l y s i s  and a r e  i n  a  good p o s i t i o n  t o  
recom nend t h e  a c t i o n  needed  f o r  c o r r e c t i o n  o r  m a in te n a n c e  o f  q u a l i t y .  
Q u a l i t y  m u s t ,  ho w ev er ,  be b u i l t  i n t o  a  p r o d u c t ;  i t  c a n n o t  be i n s p e c t e d  
i n t o  i t .  From t h i s  p o i n t  o f  v ie w  t h e  i n s p e c t i o n - q u a l i t y  c o n t r o l
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d e p a r tm e n t  i s  a n  e x c e l l e n t  g ro u p  f o r  d e t e r m i n i n g  t h e  t y p e s  o f  q u a l i t y  
d e f e c t s ,  b u t  i s  n o t  i n  a  p o s i t i o n  t o  d e t e r m in e  t h e  c a u s e  f o r  q u a l i t y  
f a i l u r e s  and , m o s t  i m p o r t a n t ,  t o  i n s t i t u t e  t h e  a c t i o n  n e e d e d  t o  p r e v e n t  
d e f e c t i v e  q u a l i t y .
An i n s p e c t o r ,  w i t h i n  t h e  bounds  o f  h i s  p r e s e n t  d u t i e s  
and r e s p o n s i b i l i t i e s ,  c a n  no m ore  p r e v e n t  t h e  m a n u f a c tu r e  o f  
p o o r - q u a l i t y  p a r t s  t h a n  t h e  f i r e  d e p a r tm e n t  c a n  p r e v e n t  f i r e s .
I f  q u a l i t y  i s  t o  be c o n t r o l l e d ,  t h e  t o o l s  f o r  c o n t r o l l i n g  i t  
must be  p u t  i n t o  t h e  h a n d s  o f  t h e  p e o p le  who a r e  e x e r c i s i n g  
th e  m o s t  i n f l u e n c e  o v e r  i t . * ®
One o f  t h e  m a jo r  d i s a d v a n t a g e s  o f  p l a c i n g  q u a l i t y  c o n t r o l  u n d e r  
t h e  d i r e c t i o n  o f  t h e  p r o d u c t i o n  d e p a r tm e n t  l i e s  i n  t h e  f r e q u e n t  
p r e s s u r e s  f o r  q u a n t i t y  o f  p r o d u c t i o n  r a t h e r  t h a n  q u a l i t y .  I n  su ch  
i n s t a n c e s  t h e  q u a l i t y  o b j e c t i v e s  w i l l  g i v e  way t o  t h e  demand f o r  vo lum e 
o f  o u t p u t ,  t h u s  v o i d i n g  t o  some e x t e n t  t h e  e f f o r t s  o f  t h e  q u a l i t y  c o n ­
t r o l  s t a f f .
A n o th e r  ty p e  o f  s t r u c t u r e  p l a c e s  t h e  s t a t i s t i c a l  q u a l i t y  
c o n t r o l  s t a f f  i n  a  p o s i t i o n  s u b o r d i n a t e  t o  t h e  e n g i n e e r i n g  o r  p l a n n i n g  
and  m ethods  d e p a r tm e n t  a s  shown i n  F i g u r e  5. I n  t h i s  t y p e  o f  a r r a n g e ­
m ent s t a t i s t i c a l  q u a l i t y  c o n t r o l  i s  s e p a r a t e d  from  i n s p e c t i o n  and  a 
l o s s  o f  e f f e c t i v e  co m m u n ica t io n  a r i s e s .  F u r t h e r ,  a l t h o u g h  t h e  e n g i n e e r ­
in g  o r  p la n n in g  and  m e thods  g ro u p s  h a v e  an  e f f e c t  on p r o d u c t  q u a l i t y ,  
so do  t h e  a c t i v i t i e s  o f  d e p a r t m e n t s  s u c h  a s  p r o d u c t i o n ,  p u r c h a s i n g ,  
i n s p e c t i o n ,  e t  c e t e r a .  I t  i s  d e s i r a b l e ,  t h e r e f o r e ,  t h a t  q u a l i t y  c o n t r o l  
be i n t e g r a t e d  i n t o  an  o v e r - a l l  p ro g ra m ,  s i n c e  i t  i s  a n  a c t i v i t y  w h ich  
o v e r l a p s  i n d i v i d u a l  d e p a r t m e n t a l  f u n c t i o n s .  The p la c e m e n t  o f  t h e  q u a l ­
i t y  c o n t r o l  s t a f f  i n  a s u b o r d i n a t e  a d v i s o r y  p o s i t i o n  s t r i p s  t h e  g roup
^ F o y ,  0£ .  c i t . , p .  1 2 9 .
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o f  i t s  e f f e c t i v e n e s s  t h r o u g h  a  l a c k  o f  a u t h o r i t y  and  r e s p o n s i b i l i t y ,  
and  i t  o f t e n  h a p p en s  t h a t  r e c o m m e n d a t io n s  f o r  q u a l i t y  im provem ent 
b a s e d  on  q u a l i t y  s t u d i e s  a r e  f i l t e r e d  o u t  b e f o r e  r e a c h i n g  t o p  m anage­
m e n t .
I n  v iew  o f  t h e  d i f f i c u l t i e s  p r e s e n t e d  by t h e  s t r u c t u r e  shown 
i n  F i g u r e  5 ,  t h e  q u a l i t y  c o n t r o l  g ro u p  i n  some i n s t a n c e s  h a s  b e e n  
p l a c e d  in  a  d e p a r t m e n t a l  p o s i t i o n  on a  l e v e l  w i t h  t h e  p r o d u c t i o n  o r  
e n g i n e e r i n g  d e p a r t m e n t s ,  b u t  s u b o r d i n a t e  t o  t h e  p l a n t  m a n ag e r .  F i g u r e  
6 shows su c h  a n  a r r a n g e m e n t .
A lth o u g h  t h e  q u a l i t y  c o n t r o l  g ro u p  i s  g iv e n  d e p a r t m e n t a l  
s t a t u s ,  t h e r e  a r e  s t i l l  l i m i t a t i o n s  on t h e  e f f e c t i v e n e s s  o f  t h e  g ro u p  
due  t o  c o n f l i c t s  w i t h  t h e  o t h e r  d e p a r t m e n t s ,  p l u s  t h e  l a c k  o f  d e f i n i t e  
a u t h o r i t y  o f  t h e  g ro u p  and t h e  d i f f i c u l t y  i n  i n s t i t u t i n g  n eed e d  c h a n g e s  
i n  t h e  p r o d u c t i o n ,  e n g i n e e r i n g ,  p u r c h a s i n g ,  o r  p l a n n i n g  and  m e th o d s  
d e p a r t m e n t s .  I n  t h e  s t r u c t u r e  shown in  F i g u r e  6 ,  t h e  q u a l i t y  c o n t r o l  
g ro u p  r e m a in s  i n  a c t u a l i t y  an  a d v i s o r y  p o s i t i o n .
A v a r i a t i o n  o f  F i g u r e  6 ,  w h ich  p l a c e s  t h e  q u a l i t y  c o n t r o l  g ro u p  
a s  a  s t a f f  d e p a r tm e n t  r e p o r t i n g  t o  a  t o p  l e v e l  m a n a g e r ,  i s  shown i n  
F i g u r e  7 .  I n  t h i s  f a s h i o n  t h e  q u a l i t y  c o n t r o l  g ro u p  i s  a  much l a r g e r  
u n i t  and i s  g iv e n  d e f i n i t e  a u t h o r i t y  and  r e s p o n s i b i l i t y .  F ig u r e  7 i s  
a  l i n e - a n d - s t a f f  o r g a n i z a t i o n  and  i s  an  a m p l i f i c a t i o n  o f  t h e  b a s i c  
d e p a r t m e n t a l  t y p e  o f  o r g a n i z a t i o n  t o  a  m u l t i p l a n t  o r  m t f l t i d i v i s l o n  
s t r u c t u r e .  The g e n e r a l i z e d  o r g a n i z a t i o n a l  c h a r t  i n  F i g u r e  7 shows t h a t  
t h e  q u a l i t y  c o n t r o l  u n i t s  a t  t h e  d i v i s i o n  o r  p l a n t  l e v e l  a r e  c o o r d i n a t e d  
by a  c e n t r a l i z e d  q u a l i t y  c o n t r o l  s t a f f  w h ich  r e p o r t s  d i r e c t l y  t o  t o p  
m anagem ent. I n  t h i s  f a s h i o n  t h e  re c o m m en d a t io n s  o f  t h e  q u a l i t y  c o n t r o l
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g ro u p s  can  be b ro u g h t  to  t h e  a t t e n t i o n  o f  th e  a p p r o p r i a t e  l e v e l  o f  
management and c o r r e c t i v e  a c t i o n  c a n  be made th e  r e s p o n s i b i l i t y  o f  
t h e  p r o p e r  o p e r a t i n g  d e p a r tm e n t  by d i r e c t i v e s  c h a n n e l l e d  th ro u g h  th e  
d i v i s i o n  o r  p l a n t  m anager.
The ty p e  o f  o r g a n i z a t i o n  shown i n  F ig u r e  7 p r o v id e s  f o r  an  
i n t e g r a t e d  q u a l i t y  c o n t r o l  p rog ram , and t h i s  ty p e  o f  o r g a n i z a t i o n  can  
be m o d i f ie d  to  f i t  a  s i n g l e - p l a n t  o r g a n i z a t i o n .  A n o th e r  f e a t u r e  of 
t h e  o r g a n i z a t i o n a l  s t r u c t u r e  shown in  F ig u re  7 i s  t h a t  th e  u se  o f  
s t a t i s t i c a l  t e c h n iq u e s  i s  l i k e l y  to  be e x ten d ed  to  o t h e r  a r e a s  t h a n  
p r o d u c t i o n  p rob lem s  on ce  to p  management r e c o g n iz e s  t h e  v a lu e  o f  s t a ­
t i s t i c a l  a n a l y s i s  in  d e c i s io n - m a k in g .  A lth o u g h  t h e  c e n t r a l  q u a l i t y  
c o n t r o l  group i s  g iv e n  some sem blance  o f  l i n e  a u t h o r i t y  o r  f u n c t i o n a l  
a u t h o r i t y ,  t h e  group i s  s t i l l  b a s i c a l l y  a  s t a f f  u n i t  whose main p u rp o se  
i s  t o  a d v i s e  to p  management on  q u a l i t y  c o n t r o l  m a t t e r s .
T here  i s  some te n d en cy  tow ard  re s e n tm e n t  o n  t h e  p a r t  o f  l i n e  
management when f u n c t i o n a l  s t a f f  a u t h o r i t y  i s  u t i l i z e d  by th e  q u a l i t y  
c o n t r o l  g roup . The a d v a n ta g e  o f  o b t a i n i n g  an i n t e g r a t e d ,  e f f e c t i v e  
q u a l i t y  c o n t r o l  p rogram  a p p e a r s  to  ou tw eigh  t h e  d i s a d v a n ta g e s  o f  
f r i c t i o n  be tw een  l i n e  and s t a f f  o f f i c e r s .
A l a s t  b a s i c  t y p e  o f  o r g a n i z a t i o n a l  a r ran g em en t  f o r  q u a l i t y  
c o n t r o l  g roups  c o n s i s t s  o f  th e  p la c e m e n t  o f  t h e  q u a l i t y  c o n t ro l  manager 
i n  l i n e  a u t h o r i t y  o v e r  a l l  t h e  v a r i o u s  u n i t s  o f  t h e  o r g a n i z a t i o n  e x c e p t  
p e rh a p s  f i n a n c e .  The l i n e  ty p e  o f  s t r u c t u r e  i s  se ldom  used  e x c e p t  i n  
s m a l l  f i r m s .  I t  would a p p e a r  t h a t  p l a c i n g  q u a l i t y  c o n t r o l  r e s p o n s i b i l ­
i t y  would g iv e  r i s e  to  t h e  n e g l e c t  o f  q u a l i t y - m in d e d n e s s ,  f o r  heavy  
m a n u fa c tu r in g  s c h e d u le s  m ig h t r e s u l t  i n  t h e  manager g i v i n g  way t o  th e
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a c c e p ta n c e  o f  low er q u a l i t y  s t a n d a r d s  and s a c r i f i c e  q u a l i t y  t o  a c h ie v e  
q u a n t i t y  o f  p r o d u c t i o n .  The e x i s t e n c e  o f  a l i n e  p r o d u c t io n  o r g a n i z a ­
t i o n  and a s e p a r a t e  s t a f f - t y p e  q u a l i t y  c o n t r o l  g ro u p ,  w hich  r e p o r t s  
t o  t o p  managem ent, p r o v id e s  a  check  and b a la n c e  f o r  e c o n o m ic a l ly  
m a in t a i n in g  q u a l i t y  o f  o u t p u t .
E s t a b l i s h i n g  and M a in t a in in g  S t a t i s t i c a l  Q u a l i t y  C o n tro l
I t  w ou ld  indeed  be d i f f i c u l t  t o  f i n d  a  m a n u fa c tu r in g  o r g a n iz a ­
t i o n  w hich h a s  no p r o v i s i o n  f o r  t h e  i n s p e c t i o n  o f  p r o d u c t s  f o r  q u a l i t y .  
Y et t h e r e  a r e  many, even  r a t h e r  l a r g e  o r g a n i z a t i o n s ,  w hich  have 
e l a b o r a t e  i n s p e c t i o n  d e p a r tm e n ts  b u t  se ldom , i f  e v e r ,  e x t e n s i v e l y  u s e  
s t a t i s t i c a l  t e c h n iq u e s  t o  a n a ly z e  o p e r a t i o n s .  T hroughout t h i s  s tu d y  
e m p h as is  has b een  p la c e d  on  th e  u s e  o f  s t a t i s t i c a l  t e c h n iq u e s  in  t h e  
c o n t r o l  o f  q u a l i t y  i n  m a n u fa c tu r in g ,  n o t  q u a l i t y  c o n t r o l  th ro u g h  
i n s p e c t i o n  and t e s t i n g .  L ik e w is e ,  i n  t h i s  s e c t i o n ,  em phasis  i s  p la c e d  
on  t h e  use  o f  s t a t i s t i c a l  m ethods in  m a n u fa c tu r in g  o p e r a t i o n s .
A l l  m a n u fa c tu r in g  o r g a n i z a t i o n s  have  a  p r o d u c t i o n  u n i t ,  most 
p o s s e s s  a g roup  w ith  t h e  r e s p o n s i b i l i t y  f o r  i n s p e c t i o n ,  w h i le  many have  
an e n g i n e e r i n g  o r  c o n t r o l  u n i t .  W hatever t h e  form  o f  t h e  p a r t i c u l a r  
o r g a n i z a t i o n a l  s t r u c t u r e ,  a l l  t h r e e  o f  th e  above f u n c t i o n s  a r e  p e r ­
fo rm ed  and e a c h  aims a t  c o o r d i n a t e d  p r o d u c t io n  to  y i e l d  p r o d u c t s  o f  
econom ic maximum q u a l i t y ,  b u t  th e  g roup  w hich i s  most co n ce rn ed  w i th  
t h e  c o n t r o l  o f  t h e  p r o d u c t i o n  p r o c e s s  i s  t h e  l o g i c a l  l o c a t i o n  f o r  t h e  
s t a t i s t i c a l  q u a l i t y  c o n t r o l  group i n  t h e  p r o d u c t i o n  o r g a n i z a t i o n .* *
**John D. H e id e ,  I n d u s t r i a l  P ro c e s s  C o n tro l  by S t a t i s t i c a l  
M ethods (New Y ork: M cGraw-Hill Book C o . ,  1 9 5 2 ) ,  p .  211.
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The f o r e g o in g  s t a t e m e n t  i s  t r u e ,  how ever ,  f o r  t h e  i n i t i a l  p h a s e s  o f  
i n s t i t u t i n g  a  q u a l i t y  c o n t r o l  program . Once t h e  p rogram  h as  been 
s t a r t e d  and t h e  program  h a s  p ro v ed  i t s  e f f e c t i v e n e s s ,  t h e  p la c e m e n t  
o f  t h e  group  sh o u ld  f o l l o w  th e  c o n s i d e r a t i o n s  p r e s e n t e d  i n  th e  p r e v i o u s  
s e c t i o n .
I t  i s  h ig h ly  d e s i r a b l e  t o  h av e  a  s t a t i s t i c a l  c o n t r o l  u n i t  
s t a f f e d  w i th  p e r s o n n e l  who p o s s e s s  a  d u a l  background c o n s i s t i n g  o f  a 
b ro ad  p e r s p e c t i v e  o f  th e  p r o d u c t i o n  p r o c e s s  g a in e d  th ro u g h  e x p e r i e n c e ,  
p l u s  a d e q u a te ,  p r e f e r a b l y  fo rm a l t r a i n i n g ,  in  s t a t i s t i c a l  a n a l y s i s .  
A n o th e r  e s s e n t i a l  q u a l i t y  w hich t h e  l e a d e r s h ip  o f  t h e  s t a t i s t i c a l  c o n ­
t r o l  u n i t  s h o u ld  have in  a d d i t i o n  t o  a d e q u a te  t e c h n i c a l  know ledge , i s  
t h e  knowledge o f  human r e l a t i o n s - - t h e  a b i l i t y  t o  g e t  a lo n g  w i th  p e o p le .
I n s t a l l a t i o n  o f  q u a l i t y  c o n t r o l  i s  n o t  o n ly  a  t e c h n i c a l  
p ro b lem , i t  i s  a l s o  a  p ro b le m  o f  human r e l a t i o n s .  As i s  o n ly  
to o  w e l l  known t o  any q u a l i t y  c o n t r o l  e n g i n e e r ,  one o f  th e  
most f r e q u e n t  c a u s e s  o f  f a i l u r e  i s  t h e  r e s i s t a n c e  b u i l t  up by 
th e  shopman a g a i n s t  th e  o u t s i d e  e n g in e e r  who h a s  come to  
e s t a b l i s h  th e  new m ethod . R e s i s t a n c e  t o  change i s ,  a f t e r  a l l ,  
a  human r e a c t io n *  I t  may be a g g ra v a te d  by f e a r  o f  l o s s  o f  
s t a n d i n g  o r  ev en  lo s i n g  o n e ' s  j o b ,  by s u s p i c i o n  o r  s im p le  
s tu b b o r n n e s s .  Much t im e  may have  to  be i n v e s t e d  i n  t a c t f u l  
d ip lom acy  to  overcom e t h i s  r e s i s t a n c e . 12
I n  s e l e c t i n g  t h e  l e a d e r s h i p  f o r  i n i t i a l  s t a t i s t i c a l  c o n t r o l  s t u d i e s ,
i t  i s  recommended t h a t  p e r s o n s  f a m i l i a r  to  and r e s p e c t e d  by th e  workmen
be ch o se n  t o  head  th e  g ro u p .
The q u e s t i o n  m ig h t now a r i s e  a s  t o  why t h e  i n i t i a l  s t a t i s t i c a l
g roup  i s  b e in g  formed i n  t h e  p r o d u c t i o n  a r e a  r a t h e r  th a n  b e in g  form ed
on a  d e p a r tm e n ta l  o r  u p p e r  s t a f f  b a s i s  which r e p o r t s  to  to p  managem ent.
l ^ N o rb e r t  L. E n r i c k ,  Q u a l i t y  C o n tro l  (New York: The
I n d u s t r i a l  P r e s s ,  1954),  p .  47,
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Of c o u r s e  t o  have an i n t e g r a t e d  s t a t i s t i c a l  c o n t r o l  p rogram  o p e r a t e  
i n  a m a n u fa c tu r in g  o r g a n i z a t i o n ,  t h e  s t a t i s t i c a l  a n a l y s i s  group  m ust 
have  t h e  b ack in g  o f  and d i r e c t  com m unica tion  w i th  to p  management; b u t  
c o n s i d e r  t h a t  management u s u a l l y  d e s i r e s  p r o o f  o f  t h e  w o r th in e s s  o f  
a  p r o j e c t  p r i o r  t o  making commitment o f  fu n d s  and p e r s o n n e l .  The 
same a t t i t u d e  h o ld s  i n  t h e  c a s e  o f  s t a t i s t i c a l  c o n t r o l  s t u d i e s .
In  a  mass p r o d u c t io n  p r o c e s s ,  i t  i s  p r a c t i c a l l y  c e r t a i n  t h a t  
one can  f i n d  f r u i t f u l  a p p l i c a t i o n  o f  s t a t i s t i c a l  q u a l i t y  c o n t r o l  
t e c h n i q u e s .  But even i f  t h e  management o f  such  an o r g a n i z a t i o n  i s  
q u a l i t y - m in d e d ,  i t  would be w e l l  to  u n d e r ta k e  a  p r o j e c t  w hich h a s  a  
maximum l i k e l i h o o d  o f  s u c c e s s ,  f o r  a n  i n i t i a l  f a i l u r e  c o u ld  be 
d i s a s t r o u s .  I n  u n d e r t a k in g  such  a  p r o j e c t  management i s  l i k e l y  t o  be 
w i l l i n g  to  g r a n t  l i m i t e d  a u t h o r i t y  to  th e  s t a t i s t i c a l  c o n t r o l  group 
f o r  g a t h e r i n g  d a t a ,  d e r i v i n g  c o n t r o l  t e c h n i q u e s ,  and s e e in g  t h a t  
m o d i f i c a t i o n s  a r e  i n s t i t u t e d  a s  i n d i c a t e d  by c o n t r o l  c h a r t s  o r  o t h e r  
d e v i c e s .
I t  h a s  b een  s a i d  t h a t  n o th i n g  su c c e e d s  l i k e  s u c c e s s ,  and once  
th e  s t a t i s t i c a l  c o n t r o l  g roup  h a s  p ro v ed  i t s  w o r th ,  i t  w i l l  be i n  a 
p o s i t i o n  t o  make a  ca se  f o r  fo rm al e x p a n s io n  o f  i t s  a c t i v i t i e s .  The 
e x p a n s io n  would in c lu d e  d e f i n i t e  o r g a n i z a t i o n a l  s t a t u s ,  com m unication  
w i th  t o p  management, p l u s  a d d i t i o n a l  p e r s o n n e l ,  f a c i l i t i e s ,  and an 
o p e r a t i n g  b u d g e t .  The s u c c e s s f u l  c r e a t i o n  o f  an e f f e c t i v e  s t a t i s t i c a l  
c o n t r o l  group i s  i n  l a r g e  p a r t  th e  r e s u l t  o f  a  good s e l l i n g  j o b - - s e l l i n g  
t h e  w o rk e rs  on t h e  id e a  o f  c o o p e r a t in g  w i th  t h e  s t u d i e s  a s  a  b e n e f i t  
t o  th e m s e lv e s  and s e l l i n g  management on  t h e  v a l u e  o f  t h e  r e s u l t s  o f  
s t u d i e s  a l r e a d y  com p le ted  p l u s  t h e  p o t e n t i a l  b e n e f i t s  to  be g a in e d .
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W hile  w in n in g  t h e  s u p p o r t  a t  t h e  w o rk e r  l e v e l  i s  more 
d e p e n d e n t  on  p e r s o n a l  c o n t a c t s  and  r e l a t i o n s h i p s  w i t h  t h e  s t a t i s t i c a l  
s t a f f ,  t h e  s u p p o r t  o f  m anagem ent i s  l a r g e l y  d e p e n d e n t  upon  t h e  
r e s u l t s  o f  c u r r e n t  s t u d i e s ,  t h e  m anner i n  w h ich  t h e  r e s u l t s  a r e  
r e p o r t e d ,  and  t h e  way i n  w h ich  t h e  p ro p o s e d  s t a t i s t i c a l  c o n t r o l  s y s te m  
i s  p r e s e n t e d .
Management w i l l  n o t  h a v e  t h e  t i m e - - a n d  p o s s i b l y  n o t  t h e  
i n c l i n a t i o n — t o  go i n t o  t e c h n i c a l  d e t a i l s .  T h i s  s h o u ld  be  a  
c a r d i n a l  p r i n c i p l e  i n  p r e s e n t i n g  t h e  schem e. The fu n d a m e n ta l  
c o n c e p t s  o f  t h e  s y s te m  c a n  be p o i n t e d  o u t .  A n a l y s i s  o f  
p r e s e n t  v a r i a t i o n  and t h e  p o s s i b l e  im provem ent w i l l  b e  n e e d e d .  
D e t a i l s  o f  t h e  t e c h n i q u e  s h o u ld  be  a v o id e d  u n l e s s  s p e c i f i c a l l y  
a s k e d  f o r .  I f  a s k e d  f o r ,  t h e s e  t e c h n i c a l  d e t a i l s  m ust b e  
d i s c u s s e d  i n  n o n s t a t i s t i c a l  l a n g u a g e . 1-*
I t  i s  a l s o  m ost im p o r t a n t  t h a t  v a r i o u s  m a n a g e rs  t o  be  a f f e c t e d  by t h e  
s y s te m  be  a c q u a i n t e d  w i t h  w hat i s  b e i n g  p r o p o s e d ,  f o r  f a i l u r e  t o  
in f o r m  t h e s e  p e r s o n s  i s  a lm o s t  c e r t a i n  t o  r e s u l t  i n  o p p o s i t i o n  and a 
l a c k  o f  c o o p e r a t i o n .
Once t h e  s t a t i s t i c a l  c o n t r o l  p ro g ra m  h a s  g a in e d  a p p r o v a l  and 
t h e  c o o p e r a t i o n  o f  t h e  p e o p le  c o n c e r n e d ,  t h e  n e x t  s t e p  i s  t h e  e d u c a ­
t i o n  o f  t h e  d e p a r t m e n t a l  p e r s o n n e l  i n  t h e  u s e  o f  s t a t i s t i c a l  t e c h n i q u e s  
f o r  c o n t r o l l i n g  q u a l i t y .
T r a i n i n g  P e r s o n n e l  f o r  S t a t i s t i c a l  Q u a l i t y  C o n t r o l  
P r o b a b ly  one o f  t h e  m os t im p o r t a n t  b e n e f i t s  t o  be a c h i e v e d  
fro m  an  a d e q u a t e  t r a i n i n g  p ro g ra m  i s  t h e  i n c r e a s e d  c o o p e r a t i o n  o f  
p e r s o n n e l  w h ich  comes fro m  t h e i r  u n d e r s t a n d i n g  o f  t h e  o b j e c t i v e s  and 
p r o c e d u r e s  o f  s t a t i s t i c a l  q u a l i t y  c o n t r o l .  Lack o f  u n d e r s t a n d i n g
l^ H e id e ,  o £ .  c i t . ,  p .  217 .
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l e a d s  t o  s u s p i c i o n  and  r e s i s t a n c e ,  w h i l e  t h e  t r a i n i n g  p ro g ram  i s  a 
m o s t  e f f e c t i v e  t o o l  i n  s e l l i n g  t h e  s t a t i s t i c a l  q u a l i t y  c o n t r o l  p ro g ra m  
t o  t h e  p e r s o n n e l .
The i n i t i a l  t r a i n i n g  p ro g ra m ,  a s  i n  t h e  c a s e  o f  t h e  i n i t i a l  
s t a t i s t i c a l  c o n t r o l  s t u d y ,  s h o u ld  be i n a u g u r a t e d  i n  a  s i t u a t i o n  
p r o m is in g  t h e  g r e a t e s t  c h a n c e  o f  s u c c e s s .  The f i r s t  g ro u p  o f  p e o p l e  
s h o u ld  be s e l e c t e d  on  t h e  b a s i s  o f  t h e i r  p o s i t i v e  i n t e r e s t  i n  
e c o n o m ic a l ly  a c h i e v i n g  h ig h  q u a l i t y .  F o r  i n s t a n c e ,  t h e  p e r s o n s  
e v i d e n c i n g  a  h ig h  d e g r e e  o f  c o o p e r a t i o n  i n  t h e  i n i t i a l  s t a t i s t i c a l  
s t u d i e s  w ou ld  be t h e  l o g i c a l  p e o p l e  t o  i n c l u d e  i n  t h e  i n i t i a l  t r a i n i n g  
g ro u p .  U s u a l l y  t h e  p e r s o n n e l  t h a t  c o n s t i t u t e  t h e  t r a i n i n g  g ro u p s  
i n c l u d e  o p e r a t o r s ,  i n s p e c t o r s ,  and t h e  c o r r e s p o n d in g  s u p e r v i s o r s .  By 
a l l o w i n g  t h e  e n t h u s i a s m  o f  t h e  f i r s t  t r a i n i n g  g ro u p  t o  s p r e a d  t o  o t h e r
u n i t s ,  o v e r - a l l  s u c c e s s  w i l l  be much e n h a n c e d .
The s e l e c t i o n  o f  t h e  t o p i c s  and t h e  means o f  p r e s e n t i n g  
s t a t i s t i c a l  law s  s h o u ld  be s e l e c t e d  to  m a tch  t h e  b a c k g ro u n d  and e x p e ­
r i e n c e  o f  t h e  p e r s o n n e l  b e in g  t r a i n e d .  The u s e  o f  v i s u a l  d e v i c e s  f o r  
d e m o n s t r a t i n g  c h an c e  o c c u r r e n c e  i n  m a n u f a c tu r i n g  p r o c e s s e s  i s  much m ore 
e f f e c t i v e  t h a n  t h e  p r e s e n t a t i o n  o f  fo rm a l  l e c t u r e s .  S e v e r a l  d e v i c e s  
s u c h  a s  t h e  q u in c u n x ,  t h e  S h ew h ar t  b o w l,  and  g ro u p s  o f  m ixed  c o l o r e d  
b e a d s  v i v i d l y  d e m o n s t r a t e  t h e  o p e r a t i o n  o f  c h a n c e - c a u s e  s y s te m s .
The q u in c u n x ,  a  s o r t  o f  p r e d e c e s s o r  o f  t h e  p i n b a l l  m a c h in e ,  i s  
a n  a r r a n g e m e n t  o f  p i n s  th r o u g h  w h ich  s t e e l  o r  g l a s s  b a l l s  r o l l  t o  fo rm
a  s im u l a t e d  f r e q u e n c y  d i s t r i b u t i o n . ^  The q u in c u n x  i s  h e l p f u l  i n
ll?*See G r a n t ,  £ £ .  e f t . ,  p .  473 .
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d e m o n s t r a t in g  v a r i a t i o n  of i t e m s  w i th in  s a m p le s  as  w e l l  a s  t h e  
d i s p e r s i o n  of f r e q u e n c y  d i s t r i b u t i o n s .  T h e  c h i e f  a s s e t  o f  t h e  q u in -  
cunx i s  i t s  a b i l i t y  t o  p o r t r a y  s t a t i s t i c a l  law s in  a  f a s h i o n  w h ich  i s  
r a t h e r  ea sy  to  u n d e r s t a n d .
Shew hart,  i n  h i s  o r i g i n a l  t r e a t i s e ,  d e m o n s t r a te d  sam p l in g  
v a r i a t i o n  by th e  u s e  of g roups  o f  ch ip s  m a rk e d  i n  a  m anner  t h a t  t h r e e  
d i s t r i b u t i o n s - - n o r m a l , r e c t a n g u l a r ,  and t r i a n g u l a r - - w e r e  c r e a t e d .  
S am p lin g  was s i m u l a t e d  by d r a w in g  and r e p l a c i n g  c h i p s  f ro m  t h e s e  
d i s t r i b u t i o n s .  I n  t h i s  way t h e  d i s t r i b u t i o n s  o f  sam p le  means an d  r a n g e s  
can  be u n d e r s t a n d a b ly  d e m o n s t r a te d .
The use  o f  c o lo r e d  b e a d s  i n  p r e d e t e r m in e d  p r o p o r t i o n s  i s  p a r ­
t i c u l a r l y  u s e f u l  i n  d e m o n s t r a t in g  th e  c o n c e p t  o f  t h e  f r a c t i o n  o f  d e f e c ­
t i v e s  t o  be e x p e c te d  from a sam p led  g roup . Beads o f  o n e  c o l o r ,  s a y  
w h i t e ,  c an  be u s e d  t o  d en o te  a c c e p t a b l e  p r o d u c t ,  w h i le  b la c k  o r  r e d  
b e a d s ,  u s u a l l y  i n  a  much s m a l l e r  p r o p o r t i o n  th a n  w h i t e ,  p o r t r a y  d e f e c ­
t i v e  u n i t s  in  t h e  s a m p le .
The use o f  m e c h a n ic a l  d e v i c e s ,  s u c h  a s  th e  o n e s  j u s t  m e n t io n e d ,  
c a n  be u t i l i z e d  i n  c o n j u n c t io n  w i t h  l e c t u r e s  and d i s c u s s i o n s  o n  th e  
c o n s t r u c t i o n  o f  m e a n ,  ra n g e ,  and  f r a c t i o n  o r  p e r c e n t  d e f e c t i v e  c h a r t s .  
The m a rk in g s  on c h i p s ,  f o r  e x a m p le ,  can b e  u s e d  as  m e a su re m e n ts  o f  i t e m s  
p ro d u c e d  by a h y p o t h e t i c a l  m a c h in e ,  and t h e  v a r i o u s  s a m p le s  can  .be 
r e c o r d e d  f o r  th e  c o n s t r u c t i o n  o f  mean and r a n g e  c h a r t s .  I n  t h i s  way 
t h e  im p o r ta n c e  o f  p r e s e r v i n g  t h e  sequence o f  sam ples i s  i l l u s t r a t e d *
I t  i s  m ost i m p o r t a n t ,  h o w ev er ,  t h a t  t h e  use  o f  t e c h n i c a l  j a r g o n
V i
and com plex th e o ry  b e  kep t t o  a  minimum. U ndu ly  t e c h n i c a l  p r e s e n t a t i o n  
t e n d s  t o  th w a r t  t h e  i n t e r e s t  o f  p e r s o n n e l  w i t h  l i m i t e d  b a c k g ro u n d s .
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Rem em bering t h a t  t h e  u l t i m a t e  e f f e c t i v e n e s s  o f  a  s t a t i s t i c a l  c o n t r o l  
p rog ram  i s  l a r g e l y  d e p e n d e n t  upon t h e  i n t e r e s t  an d  c o o p e r a t i o n  o f  
p e o p le  su c h  a s  m a ch in e  o p e r a t o r s ,  t h e  w is e  a p p r o a c h  i n  p l a n n i n g  t h e  
s t a t i s t i c a l  t r a i n i n g  i n c l u d e s  an  e x t e n s i v e  u s e  o f  g r a p h i c  and m e ch an -  
i c a l  d e v i c e s  i n  p r e s e n t i n g  s t a t i s t i c a l  c o n c e p t s  and  t e c h n i q u e s .
The d u r a t i o n  o f  t h e  t r a i n i n g  p ro g ra m  and t h e  number o f  g r o u p s  
t r a i n e d  w i l l  depend  l a r g e l y  on t h e  c h a r a c t e r i s t i c s  o f  t h e  i n d i v i d u a l  
o r g a n i z a t i o n .  I n - p l a n t  t r a i n i n g  p ro g ra m s  c o n s i s t i n g  o f  one  o r  tw o 
houx- m e e t i n g s  once  o r  tw i c e  a  week a r e  recommended f o r  i n t r o d u c t o r y  
t r a i n i n g .
F o l lo w in g  t h e  t r a i n i n g  p ro g ra m ,  b u t  p r i o r  t o  p u t t i n g  t h e  q u a l i t y  
c o n t r o l  p ro g ra m  i n t o  o p e r a t i o n  i t  i s  d e s i r a b l e  t o  d i s t r i b u t e  a  m an u a l 
o f  o p e r a t i n g  p r o c e d u r e  to  s u p e r v i s o r s  whose d e p a r t m e n t s  w i l l  be a f f e c t e d  
by t h e  p ro g ra m .  The m a n u a l ,  w h ich  c a n  v a r y  i n  fo rm  fro m  fo rm a l  i n s t r u c ­
t i o n  s h e e t s  t o  a  much m ore c o m p le te  s t a n d a r d  o p e r a t i n g  p r o c e d u r e ,  s h o u ld  
i n c l u d e  a  d e s c r i p t i o n  o f  t h e  a im s and m e thods  o f  t h e  new p ro g ra m . I t  
i s  d e s i r a b l e  t h a t  t h e  m anual be s ig n e d  by key men i n  t h e  o r g a n i z a t i o n  
a s  e v id e n c e  o f  t h e  fo rm a l  a d o p t i o n  o f  t h e  p ro g ra m  by m anagem ent.
I f  t h e  m anual i s  w r i t t e n  w i t h  a  v ie w  to w a rd  g e n e r a l  a p p l i c a t i o n ,  
d e t a i l e d  i n s t r u c t i o n  s h e e t s  f o r  s p e c i f i c  a p p l i c a t i o n s  c a n  be p r e p a r e d  
a s  s u p p le m e n ts .  The u s e  o f  i n s t r u c t i o n  s h e e t s  i s  e s p e c i a l l y  d e s i r a b l e  
when t h e  a p p l i c a t i o n  o f  c o n t r o l  c h a r t s  i s  made t o  p r o c e s s e s  w i t h  w id e l y  
d i f f e r e n t  c h a r a c t e r i s t i c s .  F o r  e x a m p le ,  i n  one  p r o c e s s  t h e  i n t r o d u c ­
t i o n  o f  c o n t r o l  c h a r t s  r e q u i r e s  o n l y  a s l i g h t  m o d i f i c a t i o n  i n  t h e  m ethod 
o f  r e c o r d i n g  i n s p e c t i o n  d a t a ,  w h i l e  a n o t h e r  p r o c e s s  i s  o f  such  a  n a t u r e
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t h a t  a  s u b s t a n t i a l  change  i n  s a m p l in g  i n s p e c t i o n  and r e c o r d i n g  o f  
d a t a  i s  n eed e d .
I n  e i t h e r  c a s e ,  a  c o n f e r e n c e  w i th  t h e  s u p e r v i s o r  i n  c h a rg e  
o f  t h e  p r o c e s s  t o  be  c h a r t e d  s h o u ld  be h e l d  p r i o r  t o  th e  i n i t i a t i o n  
o f  t h e  c h a r t i n g .  I n  t u r n  t h e  s u p e r v i s o r  may w ish  to  i n s t r u c t  h i s  
p e r s o n n e l  in  t h e  t e c h n i q u e s  o r  t h e  i n s t r u c t i o n  can  be g iv e n  j o i n t l y  
w i th  a member o f  t h e  s t a t i s t i c a l  c o n t r o l  g ro u p .  The i n s t r u c t i o n s  
s h o u ld  be b r i e f  and made j u s t  b e f o r e  t h e  c h a r t i n g  p r o c e d u r e  i s  begun.
A member o f  t h e  s t a t i s t i c a l  g ro u p  s h o u ld  be on hand to  e x p l a i n  more 
f u l l y  any p a r t s  o f  t h e  p r o c e d u r e  t h a t  w ere n o t  u n d e r s to o d  and to  h e lp  
w i th  w o rk in g  o u t  any c o m p l i c a t i o n s  w hich  m ig h t  a r i s e  in  b e g in n in g  t h e  
c h a r t i n g .
A f t e r  t h e  c o n t r o l  c h a r t s  have  been  i n  o p e r a t i o n ,  i t  i s  v e ry  
a d v i s a b l e  t h a t  t h e  s t a t i s t i c a l  c o n t r o l  g roup  m a i n t a i n  p e r s o n a l  c o n t a c t  
w i th  t h e  o p e r a t i n g  u n i t s .  I t  i s  m ost d e s i r a b l e  t o  l e t  t h e  p e o p le  
c o o p e r a t i n g  in  t h e  p rog ram  know t h a t  w hat th e y  a r e  d o in g  i s  im p o r ta n t  
and t h a t  t h e  u s e  o f  c o n t r o l  c h a r t s  c a n  a i d  them  in  b e t t e r  p e r f o r m in g  
t h e i r  j o b s .  F o r  ex am p le ,  i f  a  p r o c e s s  s h o u ld  d e v e lo p  a r u n ,  i t  w i l l  
be i n t e r e s t i n g  t o  t h e  o p e r a t i n g  p e r s o n n e l  t o  s e e  t h a t  t h e  c h a r t  shows 
how t o  d e t e c t  s h i f t s  i n  t h e  p r o c e s s  b e f o r e  t h e  change  h a s  c a u s e d  t h e  
p r o d u c t i o n  o f  d e f e c t i v e  u n i t s .  A l s o ,  s e e in g  th e  way i n  w h ich  t h e  c h a r t s  
w ork , a n  o p e r a t o r  c a n  r e c o g n i z e  t h a t  i t  i s  n o t  a lw ays d e s i r a b l e  t o  
a d j u s t  h i s  m achine s im p ly  b e c a u s e  one  u n i t  o r  one  sam ple  h a s  f a l l e n  
o u t s i d e  c o n t r o l  o r  s p e c i f i c a t i o n  l i m i t s ,  s i n c e  chance  v a r i a t i o n  does  
p ro d u ce  su ch  o c c u r r e n c e s .
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I t  i s  w e l l  t o  p ro c e e d  s lo w ly  i n  e x p a n d in g  t h e  a p p l i c a t i o n  o f  
c o n t r o l  c h a r t s  t o  o t h e r  u n i t s  o r  o t h e r  a r e a s  o f  o p e r a t i o n .  F o r  a s  i n  
t h e  c a s e  o f  t h e  p i l o t  s t u d y ,  t h e  i n i t i a l  a p p l i c a t i o n s  s h o u ld  be ru n n in g  
sm o o th ly  b e f o r e  a d d i t i o n a l  a p p l i c a t i o n s  a r e  a t t e m p t e d .  I n  many 
i n s t a n c e s ,  t a n g i b l e  b e n e f i t s  and  im provem ents  w i l l  be  a lm o s t  im m e d ia te ly  
o b v io u s  and th e  s t a t i s t i c a l  q u a l i t y  c o n t r o l  g ro u p  may be r e q u e s t e d  t o  
i n s t a l l  t h e  d e v i c e s  i n  o t h e r  a r e a s .  I n  such  a d d i t i o n a l  a p p l i c a t i o n s ,  
th e  i n d o c t r i n a t i o n  and t r a i n i n g  s h o u ld  be a s  c o m p le te  a s  i n  t h e  b e g i n ­
n in g  and  t h e  same e f f o r t  s h o u ld  be made a t  s e l l i n g  s u p e r v i s o r s  and 
o p e r a t o r s  on t h e  p rogram .
T h e re  a r e  many t a n g i b l e  b e n e f i t s  to  be g a in e d  from  a  f u n c t i o n i n g  
s t a t i s t i c a l  q u a l i t y  c o n t r o l  p ro g ram . F i r s t ,  t h e  s t a t i s t i c a l  a n a l y s i s  
g roup  i s  p ro v id e d  w i th  q u a n t i t a t i v e  i n f o r m a t i o n  w i th  w h ich  to  a p p r a i s e  
t h e  s t a t i s t i c a l  s t a b i l i t y  of a p r o c e s s  and t o  d e t e r m in e  t e c h n i q u e s  f o r  
c o r r e c t i n g  i n s t a b i l i t y  and e l i m i n a t i n g  t h e  p r o d u c t i o n  o f  d e f e c t i v e  
p r o d u c t .  By v i r t u e  o f  i t s  h ig h  l e v e l  s t a f f  p o s i t i o n ,  t h e  q u a l i t y  con ­
t r o l  g ro u p  c a n ,  i f  n e c e s s a r y ,  e x e r t  p r e s s u r e  on  t h o s e  who s h o u ld  t a k e  
c o r r e c t i v e  a c t i o n  b u t  who have  n o t  i n c l i n e d  to  do s o .  S econd ,  inqprove- 
m en ts  i n  p r o c e s s e s  due t o  th e  u s e  o f  c o n t r o l  c h a r t s  l e a d  t o  th e  need  
f o r  t h e  r e v i s i o n  o f  c o n t r o l  l i m i t s .  I f  t h e  s p r e a d  o f  c o n t r o l  l i m i t s  
i s  n a r ro w e d ,  t h e  p r o c e s s  w i l l  be b e t t e r  a b l e  t o  p ro d u c e  a l l  u n i t s  
w ith in^  t h e  c o n t r o l  l i m i t s .  The r e v i s i o n  o f  c o n t r o l  l i m i t s  s u g g e s t s  
t h e  n eed  f o r  a  p e r i o d i c  r e v ie w  o f  p r o c e s s  o p e r a t i o n .  The more s t a b l e  
p r o c e s s e s  s h o u ld  r e q u i r e  r e v ie w in g  p e rh a p s  e v e ry  two o r  t h r e e  m o n th s .
A n o th e r  b e n e f i t  o f  c o n t r o l  c h a r t s  l i e s  i n  p r o v i d i n g  a b a s i s  
f o r  t h e  r e v ie w  o f  s p e c i f i c a t i o n  l i m i t s .  I f  a  p r o c e s s  shows s t a b i l i t y
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b u t  s t i l l  p ro d u c e s  some d e f e c t i v e  p r o d u c t ,  i t  may be t h a t  s p e c i f i c a t i o n  
l i m i t s  s h o u ld  be a l t e r e d .  Here a g a i n  t h e  h ig h  l e v e l  p o s i t i o n  o f  t h e  
q u a l i t y  c o n t r o l  s t a f f  p r o v i d e s  t h e  means o f  com m unica tion  t o  r e p o r t  
t h e  s i t u a t i o n  t o  to p  l e v e l  management so t h a t  t h i s  i n t e r d e p a r t m e n t a l  
p ro b lem  c a n  r e c e i v e  p r o p e r  a t t e n t i o n .
R e c o rd s  and r e p o r t s  p r e p a r e d  by t h e  q u a l i t y  c o n t r o l  group 
p r o v id e  v a l u a b l e  i n f o r m a t io n  f o r  t o p  management. The p e r fo rm a n c e  o f  
o v e r - a l l  p r o d u c t i v e  se g m e n ts  a s  w e l l  a s  i n d i v i d u a l  p e r fo rm a n c e  a r e  
r e f l e c t e d  in  q u a l i t y  c o n t r o l  r e c o r d s  and r e p o r t s .  In  a d d i t i o n ,  wage 
paym en ts  a r e  commonly b a s e d  o n  p r o d u c t i o n  e f f i c i e n c y .  F u r t h e r ,  q u a l i t y  
c o n t r o l  r e p o r t s  may i n d i c a t e  t h e  n eed  f o r  t h e  i n s t i t u t i o n  o f  o p e r a t o r  
t r a i n i n g  o r  r e t r a i n i n g  i n  o p e r a t i n g  t e c h n i q u e .  F i n a l l y ,  a s  t h e  • 
s t a t i s t i c a l  q u a l i t y  c o n t r o l  p ro g ram  i s  e x te n d e d  t o  a l l  s eg m en ts  o f  
t h e  m a n u f a c tu r i n g  o r g a n i z a t i o n ,  t h e  q u a l i t y  l e v e l  o f  p r o d u c t s  i n  
p r o c e s s  c a n  be  t r a c e d  and  com pared i n  s u c c e s s i v e  s t a g e s  o f  p r o d u c t i o n .  
Q u a l i t y  ’'b o t t l e n e c k s "  c a n  be s t u d i e d ,  im proved o r  e l i m i n a t e d .  C e r t a i n l y  
an  i n t e g r a t e d  q u a l i t y  c o n t r o l  p rog ram  p r o v id e s  management w i th  a  more 
r e a l i s t i c  o p e r a t i o n a l  v ie w  o f  i t s  p r o d u c t i v e  f a c i l i t i e s .
CHAPTER IV
METHODOLOGY
To t h i s  p o i n t ,  t h i s  s tu d y  h a s  been  c o n c e r n e d  w i t h  t h e o r e t i c a l  
c o n s i d e r a t i o n s  o f  s t a t i s t i c a l  q u a l i t y  c o n t r o l ,  p l u s  recommended 
p r a c t i c e s  b a s e d  on g e n e r a l  i n d u s t r i a l  e x p e r i e n c e .  W ith t h e  f o r e g o i n g  
a s  a  b a c k g ro u n d  f o r  a n a l y s i s ,  t h e  s t u d y  s h i f t s  t o  t h e  a n a l y s i s  o f  
some c h a r a c t e r i s t i c s  o f  a  m a n u f a c tu r i n g  p r o c e s s .  P r i o r  t o  t h e  
p r e s e n t a t i o n  o f  t h e  r e s u l t s  o f  t h e  a n a l y s i s  i n  C h a p t e r  V, i t  i s  w e l l  
t o  d e s c r i b e  f i r s t  t h e  s e t t i n g  i n  w h ich  t h e  s tu d y  was made an d  t h e  
a p p ro a c h  u t i l i z e d  i n  m ak ing  t h e  a n a l y s i s .
D e s c r i p t i o n  o f  t h e  R e s e a r c h  S i t e
T h i s  s tu d y  was c o n d u c te d  i n  a  l a r g e  m a n u f a c tu r i n g  p l a n t  o f  a 
f i r m  w h ich  p r o d u c e s  eq u ip m en t  u se d  i n  d r i l l i n g  f o r  p e t r o l e u m .  The 
p l a n t ,  ho w ev er ,  c o n s t i t u t e s  o n ly  one d i v i s i o n  o f  a  p a r e n t  o r g a n i z a t i o n ,  
w hich  i s  a  s o l e  p r o p r i e t o r s h i p .  The o t h e r  d i v i s i o n s  o f  t h e  p a r e n t  
company p ro d u c e  a  v e ry  b ro a d  d i v e r s i f i c a t i o n  o f  p r o d u c t s .
The m a n u f a c tu r i n g  d i v i s i o n  i n  w h ich  t h i s  s t u d y  was m ade, w hich 
w i l l  be  r e f e r r e d  t o  a s  AMCO th r o u g h o u t  th e  r e m a in d e r  o f  t h i s ^ s t u d y ,  
was o r g a n i z e d  s h o r t l y  a f t e r  t h e  t u r n  o f  t h e  c e n t u r y  and h a s  grown to  
become t h e  m a jo r  c o m p e t i t o r  i n  i t s  f i e l d .  The p r i n c i p a l  p r o d u c t  manu­
f a c t u r e d  by AMCO i s  t h e  ro c k  b i t ,  t h e  t o o l  w h ich  a c c o m p l i s h e s  t h e  
c u t t i n g  a c t i o n  in  t h e  d r i l l i n g  f o r  o i l .
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The p o s i t i o n  o f  AMCO i n  th e  m a rk e t  f o r  ro c k  b i t s  i s  a  t r i b u t e  
to  t h e  e n g i n e e r i n g  and p r o d u c t i v e  s k i l l  o f  i t s  s t a f f ,  f o r  AMCO p r e s ­
e n t ly  p ro d u c e s  a b o u t  607. o f  a l l  rock  b i t s  u se d  i n  d o m e s t ic  p e t ro le u m  
p r o d u c t i o n .  T h rough  th e  y e a r s  s in c e  i t s  b e g i n n in g ,  AMCO d e v e lo p e d  and 
p a t e n t e d  what h a s  been  w id e ly  a c c e p te d  a s  t h e  f i n e s t  o v e r - a l l  l i n e  o f  
rock b i t s  on t h e  m a rk e t .  R e c e n t l y ,  h o w ev e r ,  many o f  AMCO's p a t e n t s  
have e x p i r e d ,  o c c a s i o n in g  t h e  e n t r y  o f  a  number o f  r e l a t i v e l y  new 
c o m p e t i t o r s  in  t h e  m a rk e t .  A bou t s i x  f i r m s  acc o u n t  f o r  n e a r l y  a l l  o f  
rock b i t  s a l e s ,  a l t h o u g h  some 30 d o m e s t ic  f i r m s  m a n u fa c tu re  b i t s .  The 
s m a l l e r  f i r m s ,  i n  te rm s  o f  s a l e s ,  t e n d  t o  s p e c i a l i z e  i n  b i t s  d e s ig n e d  
f o r  u s e  i n  c e r t a i n  l o c a l i z e d  t y p e s  o f  f o r m a t i o n s ,  w h i l e  AMCO and a few  
o th e r  m a n u f a c t u r e r s  p roduce  a  f u l l  l i n e  o f  b i t s  f o r  many ty p e s  o f  
f o r m a t i o n s .
The p r o f i t a b l e  o p e r a t i o n  of AMCO h a s  p r o v id e d  much o f  th e  
c a p i t a l  f o r  th e  e x p a n s io n  o f  t h e  p a r e n t  company t o  i t s  p r e s e n t  s i z e  
and d i v e r s i f i c a t i o n ,  which i n c l u d e s  f o r e i g n  p r o d u c t i o n  o f  ro c k  b i t s  
and a l l i e d  d r i l l i n g  e q u ip m e n t .
R ecen t d e v e lo p m e n ts  h a v e  had a  p ro fo u n d  e f f e c t  on t h e  m arke t  
p o s i t i o n  o f  th e  f i r m ,  w h ich ,  i n  t u r n ,  a f f e c t  AMCO's p r o d u c t i o n .  The 
f i r s t ,  a l r e a d y  m e n t io n e d ,  i s  t h e  e x p i r a t i o n  o f  c e r t a i n  rock  b i t  
p a t e n t s .  T h is  e x p i r a t i o n  h a s  p e r m i t t e d  some f i r m s  t o  com pete  more 
f a v o r a b l y  in  th e  m a rk e t ;  h o w e v e r ,  an e x c e l l e n t  r e p u t a t i o n  f o r  q u a l i t y  
has  e n a b l e d  AMCO t o  r e t a i n  t h e  bulk o f  i t s  s h a r e  o f  t h e  m a rk e t .
A second  f a c t o r  a f f e c t i n g  th e  vo lum e o f  p r o d u c t i o n  a t  AMCO i s  
the  d e c l i n e  in  d o m e s t ic  p e t r o l e u m  e x p l o r a t i o n  a c t i v i t y  i n  r e c e n t  y e a r s .  
E x p l o r a t i o n  a c t i v i t y  i n  1 9 6 1 , f o r  ex am p le ,  r e p r e s e n t s  th e  lo w e s t  l e v e l  
s in c e  1 9 4 8 ,  and o n ly  one new o i l  f i e l d  o u t  o f  60 d r i l l e d  i n  1954 h as
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p ro v e d  p r o f i t a b l e . ^  The vo lum e o f  p r o d u c t i o n  and s a l e s  o f  AMCO ro c k  
b i t s  i s  h i g h l y  c o r r e l a t e d  w i t h  t h e  r a t e  o£ d o m e s t i c  e x p l o r a t i o n .  U n t i l  
1956, p r i o r  t o  t h e  Suez c r i s i s ,  econom ic  a n a l y s t s  a t  AMCO w ere  a b l e  
t o  d e r i v e  a  v e r y  p r e c i s e  e s t i m a t e  o f  t h e  demand f o r  r o c k  b i t s  th r o u g h  
t h e  u s e  o f  m u l t i p l e  c o r r e l a t i o n  and  o t h e r  s t a t i s t i c a l  t e c h n i q u e s .  I n  
t h e  y e a r s  s i n c e  1956 , h o w e v e r ,  f o r e i g n  o i l  im p o r t s  a n d  o t h e r  f a c t o r s  
h av e  made su c h  p r e d i c t i o n  much l e s s  r e l i a b l e .  B e c a u se  o f  t h e  c h a n g e s  
i n  t h e  m a rk e t  f o r  r o c k  b i t s ,  AMCO i s  f a c e d  w i th  u n u s e d  p r o d u c t i v e  
c a p a c i t y  p l u s  demand c h a r a c t e r i z e d  by g r e a t e r  f l u c t u a t i o n s .
The o r g a n i z a t i o n a l  s t r u c t u r e  o f  AMCO i s  l a r g e l y  a c l a s s i c a l  
l i n e - a n d - s t a f f  t y p e  a s  shown i n  F ig u r e  8 .  A l th o u g h  a  s i n g l e  p r o p r i e ­
t o r s h i p ,  t h e  company u t i l i z e s  a  boa rd  o f  d i r e c t o r s  w h ich  a r e  e s s e n t i a l l y  
an  e x e c u t i v e  c o m m it te e .  AMCO h a s  an a v e r a g e  com plem ent o f  a b o u t  3 ,0 0 0  
e m p lo y e e s ,  i n c l u d i n g  m a n a g e r i a l  and s t a f f  p e r s o n n e l .
The d ia g ra m  i n  F i g u r e  9 shows t h e  o r g a n i z a t i o n a l  s t r u c t u r e  o f  
t h e  m a n u f a c tu r i n g  segm ent o f  t h e  com pany, t h e  p o r t i o n  o f  t h e  f i r m  of 
p r i n c i p a l  i n t e r e s t  i n  t h i s  s t u d y .
The M a n u f a c tu r in g  P r o c e s s  o f  t h e  F irm  
Rock b i t s  a r e  m a n u fa c tu r e d  on  a  m a s s - p r o d u c t i o n  s c a l e  i n  t h e  
AMCO p l a n t ,  and a l l  o f  t h e  co m p o n en ts  o f  t h e  ro c k  b i t  a r e  m a n u fa c tu r e d  
i n  t h e  p l a n t  w i t h  t h e  e x c e p t i o n  o f  a few  s m a l l  p u r c h a s e d  p a r t s .
C o n s id e r  b r i e f l y  t h e  s e q u e n c e  o f  t h e  t o t a l  m a n u f a c tu r i n g  p r o c e s s
1  ,  " E x p l o r a t i o n  Showing i s  W orst i n  12 Y e a r s , "  The
O i l  an d  G as J o u r n a l , LIX (M arch  2 0 ,  1 9 6 1 ) ,  6 6 -6 8 .
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and th e n  c o n c e n t r a te  a t t e n t i o n  on th e  p o r t i o n s  o f  th e  p r o c e s s  s e l e c t e d  
f o r  s tu d y .
The Rock B i t  P ro d u c t io n  P ro c e s s
The rock b i t  c o n s i s t s  o f  two m ajor p a r t s - - t h e  cone and th e  
head  s e c t io n - -w h ic h  account f o r  most o f  t h e  la b o r  and m a t e r i a l s  used 
in  p r o d u c t io n .  T h ere  a re  a l s o  a number of s m a l le r  p a r t s  in c lu d e d  in  
th e  assem bled  rock  b i t ,  some o f  which a r e  made in  th e  AMCO p l a n t ,  w h ile  
th e  re m a in d e r  a re  p u rc h a se d .  The head s e c t i o n s  form th e  body o f  th e  
rock  b i t  and p ro v id e  th e  b e a r in g  s u r f a c e s  upon which th e  cones a r e  
a ssem bled .  The cone i s  th e  g e a r - l i k e  p a r t  o f  th e  rock b i t  which does 
th e  a c t u a l  c u t t i n g  o f  rock f o rm a t io n s .  Each assem bled rock  b i t  c o n s i s t s  
o f  t h r e e  head  s e c t i o n s  and t h r e e  c o n e s ,  p lu s  b e a r in g s  and o th e r  f i t t i n g s .
The m ajor p o r t i o n  o f  p r o d u c t io n  a c t i v i t y  a t  AMCO i s  concerned  
w ith  t h e  m anufac tu re  o f  head s e c t i o n s  and cones .  Cones and head s e c ­
t i o n s  a r e  p ro c e sse d  th ro u g h  t h e i r  r e s p e c t i v e  i n i t i a l  s t a g e s  o f  p ro d u c­
t i o n  and a r e  jo in e d  in to  a s u b -a s se m b ly ,  c o n s t i t u t i n g  a t h i r d  of th e  
com pleted  rock b i t .  F ig u re  10 shows a  c r o s s - s e c t i o n  o f  a t y p i c a l  t h i r d  
o f  a ro ck  b i t .  The t h i r d s  a r e  welded to g e th e r  and a f t e r  f u r t h e r  
m ach in ing  and assem bly , f i n a l  i n s p e c t i o n  com ple tes  th e  p ro d u c t io n  c y c le .  
T a b le s  V, V I ,  and VII p r o v id e  g e n e r a l i z e d  l i s t i n g s  of th e  com plete  
sequence  o f  p ro d u c t io n .  F u r th e r  a m p l i f i c a t i o n  o f  th e  more p e r t i n e n t  
o f  th e  m a n u fa c tu r in g  o p e r a t io n s  i s  g iv e n  in  th e  nex t s e c t i o n .
The c a p a c i ty  o f  t h e  m a n u fa c tu r in g  p ro c e s s  a t  AMCO i s  i n d i c a te d  
by t h e  volume o f  head s e c t i o n s  m an u fac tu red .  Head s e c t i o n  p r o d u c t io n  
i s  f r e q u e n t ly  i n  e x c e ss  o f  100,000 p ie c e s  p e r  month. At such  p ro d u c t io n
FIGURE 10
C r o s s - s e c t i o n  o f  a  Cone and  Head S e c t i o n
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l e v e l s ,  how ever ,  t h e r e  i s  s u b s t a n t i a l  i d l e  c a p a c i t y ,  f o r  r e c e n t l y  
th e r e  h a s  been  20% t o  40% i d l e  c a p a c i t y .
TABLE V
M a n u fa c tu r in g  S equence  of Head S e c t io n s
O p e r a t i o n D e s c r i p t i o n
1 Mark and cu t  b i l l e t s
2 H e a t in g  o f  b i l l e t  and f o r g i n g  o f  t h e  rough  head
s e c t i o n
3 B en ch in g  to  remove ro u g h n e s s  and i r r e g u l a r i t i e s
4 G reen  m a ch in in g  o f  b e a r in g  r a c e s
5 P a i n t i n g  o f f  and h e a t  t r e a t i n g  to  c a s e  h a rd en
b e a r in g  s u r f a c e s
6 G rin d  120° m a t in g  s u r f a c e s  o f  t h i r d s
7 M achine o u t s i d e  d ia m e te r  f o r  body c l e a r a n c e
TABLE VI 
M a n u fa c tu r in g  Sequence o f  Cones
O p e r a t i o n D e s c r i p t i o n
1 Mark and c u t  b i l l e t s
2 H e a t in g  o f  b i l l e t  and f o r g i n g  o f  rough  cone
3 B la n k in g  o u t  o f  rough r o l l e r  r a c e
4 M i l l i n g  o f  c u t t i n g  t e e t h
5 M ach in ing  o f  b a l l  and r o l l e r  r a c e  and  n o s e  b u sh in g
6 Hard f a c e  t e e t h  and gauge s u r f a c e
7 P a i n t i n g  o f f  and h e a t  t r e a t i n g  t o  c a s e  h a rd e n  b a l l
and  r o l l e r  r a c e
8 G rin d  r o l l e r  r a c e
9 Assem ble b u t to n  and b u s h in g
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TABLE V II
M a n u fa c tu r in g  Sequence o f  A ssem bled Rock B i t s
O p e r a t i o n D e s c r i p t i o n
1 Assem ble cone  on head  and i n s e r t  b a l l s  and r o l l e r s
2 I n s e r t  b a l l  r e t a i n e r  p lu g
3 Weld c o u n t e r b o r e  above p lu g
4 A ssem ble t h i r d s  and c la n p
5 Weld t h i r d s
6 Bench to  remove ro u g h n e s s  and i r r e g u l a r i t i e s
7 F in a l  i n s p e c t i o n
8 P a i n t  and package
P ro d u c t  C h a r a c t e r i s t i c s  and P o r t i o n s  o f  th e  P r o c e s s  
S e l e c t e d  f o r  A n a ly s i s  
T h is  s tu d y  i s  p r i m a r i l y  co n c e rn e d  w i th  t h e  o p e r a t i o n s  p erfo rm ed  
i n  th e  g re e n  m ach in in g  o f  b e a r i n g  r a c e s  on head s e c t i o n s  and th e  g r i n d ­
in g  o f  r o l l e r  r a c e s  on c o n e s .  The r o l l e r  r a c e s  m a n u fa c tu re d  i n  t h e s e  
o p e r a t i o n s  w ere  s e l e c t e d  f o r  s tu d y  s i n c e  th e y  a r e  t h e  most im p o r ta n t  
f a c t o r s  i n  t h e  f i e l d  p e r fo rm a n c e  o f  rock  b i t s .
AMCO m a n u fa c tu r e s  ro c k  b i t s  i n  a  v a r i e t y  o f  s i z e s  and d e s ig n s  
to  be u se d  in  d r i l l i n g  th ro u g h  d i f f e r e n t  t y p e s  o f  f o r m a t io n s .  S h a le  
f o r m a t io n s  c o n s t i t u t e  ab o u t  757. o f  t h e  ro c k  t h a t  m ust be p e n e t r a t e d  
in  o i l  f i e l d s .  The c o m p re ss iv e  s t r e n g t h ,  d r i l l a b i l i t y ,  and  s t r u c t u r a l  
s t r a t i f i c a t i o n  v a ry  w id e ly  and p r e v e n t  th e  u s e  o f  u n i v e r s a l  d r i l l i n g  
p r a c t i c e .  Rock b i t  p e r fo rm a n c e  i s  d ep en d en t upon th e  v e r t i c a l  p r e s s u r e  
p la c e d  on th e  b i t ,  speed  o f  r o t a t i o n ,  and volume o f  d r i l l i n g  f l u i d .
Rock fo r m a t io n s  become s t r o n g e r  when s u b j e c t e d  to  p r e s s u r e ;  t h e r e f o r e ,  
g r e a t e r  b i t  p r e s s u r e ,  w h e th e r  by t h e  column o f  d r i l l i n g  mud o r  o v e r ­
b u rd e n ,  i s  r e q u i r e d  to  a cc o m p lish  d r i l l i n g  a t  lo w er  l e v e l s .  B i t s
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o p e r a t e  s u c c e s s f u l l y  a t  v e r t i c a l  p r e s s u r e s  up t o  5 0 ,0 0 0  p o u n d s ,  
a l t h o u g h  p r e s s u r e s  o f  2 0 ,0 0 0 -3 0 ,0 0 0  pounds a r e  more common.
B i t  r o t a t i o n  commonly r a n g e s  from  4 0 -2 2 0  r e v o l u t i o n s  p e r  
m in u te  i n  d r i l l i n g .  F ig u r e  11 shows t h e  r e l a t i o n s h i p  b e tw een  t h e  
l o a d in g  and sp eed  o f  r o t a t i o n  f o r  a  t y p i c a l  b i t  s i z e .  I n  norm al 
d r i l l i n g  o p e r a t i o n s ,  d r i l l i n g  mud s e r v e s  t o  f l u s h  cone s u r f a c e s  t o  
p r e v e n t  t h e  p a c k in g  o f  p i e c e s  o f  f o r m a t io n  b e tw ee n  cone t e e t h ,  
remove f o r m a t io n  c u t t i n g s  from  th e  b o t to m ,  and c a r r y  c u t t i n g s  t o  th e  
s u r f a c e .  Mud f lo w  a t  180 f e e t  p e r  m in u te  i s  a v e r a g e ,  a l th o u g h  
v e l o c i t i e s  o f  250 t o  300 f e e t  p e r  m in u te  a r e  u s e d  when n e e d e d .
The immense p r e s s u r e  p la c e d  on ro c k  b i t s  s u b j e c t s  th e  r o l l e r  
b e a r i n g s  t o  t h e  m ost e x t e n s i v e  w ear  o f  any p a r t s  o f  t h e  b i t ,  e x c e p t  
f o r  t h e  c u t t i n g  t e e t h .  The q u a l i t y  o f  t h e  r o l l e r  b e a r i n g s ,  t h e r e f o r e ,  
l a r g e l y  d e t e r m in e s  w h e th e r  t h e  rock  b i t  p e r fo rm s  s a t i s f a c t o r i l y  i n  t h e  
f i e l d .
W ith t h e  p r o d u c t  c h a r a c t e r i s t i c s  j u s t  d e s c r i b e d  i n  m ind, 
c o n s i d e r  t h e  n a t u r e  o f  th e  m a n u fa c tu r in g  p r o c e s s  c o n c e rn e d  w ith  t h e  
p r o d u c t i o n  o f  r o l l e r  r a c e s  f o r  head  s e c t i o n s  and  c o n e s .
The g r e e n  m a c h in in g  o f  r o l l e r  r a c e s  o n  h ead  s e c t i o n s  i s  
a c c o m p lish e d  on e i g h t - s p i n d l e  B u l l a r d  m i l l s .  T h e re  a r e  a b o u t  20 such  
m i l l s  i n  t h e  AMCO p l a n t ,  eac h  r e p r e s e n t i n g  an  in v e s tm e n t  i n  e x c e s s  o f  
$ 1 5 0 ,0 0 0 .  The B u l l a r d  m i l l  o p e r a t o r s  h av e  t h e  h i g h e s t  l a b o r  g ra d e  and 
pay s c a l e  o f  a l l  m ach ine  o p e r a t o r s .  W orkers  b id  f o r  j o b s  a s  B u l l a r d  
o p e r a t o r s  on  t h e  b a s i s  o f  s e n i o r i t y .
I n  t h e  g r e e n  m a c h in in g  o p e r a t i o n ,  t h e  rough  f o r g i n g  o f  a  head  
s e c t i o n  i s  p la c e d  i n t o  a  j i g  on one o f  th e  e i g h t  s p i n d l e s .  The
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m a c h in e  t h e n  r o t a t e s  t h e  head  s e c t i o n  p a s t  a  number o f  s t a t i o n s  w here  
t h e  b a l l  and r o l l e r  r a c e s  and o t h e r  s u r f a c e s  a r e  m a c h in e d .  T he 
o p e r a t o r ' s  t im e  i s  p r i n c i p a l l y  t a k e n  up w i th  l o a d i n g  and e m p ty in g  j i g s ,  
b u t  t h e  o p e r a t o r  a l s o  p e r f o r m s  v i s u a l  and gauge  i n s p e c t i o n s  o f  t h e  
m a ch in ed  h ead  s e c t i o n s  and  a d j u s t s  t h e  m a ch in e  a s  n e e d e d .  A f u l l y  
l o a d e d  B u l l a r d  m a c h in e s  e i g h t  h ead  s e c t i o n s  a t  a t im e  and c u t s  t h e  
b a l l  and  r o l l e r  r a c e s  s i m u l t a n e o u s l y .  The s t a n d a r d  t im e  f o r  g r e e n  
m a c h in in g ,  a s  a l l  o t h e r  o p e r a t i o n s  i n  m a c h in e  d e p a r t m e n t s ,  i s  s e t  by 
t h e  i n d u s t r i a l  e n g i n e e r i n g  d e p a r tm e n t  th r o u g h  t im e  s tu d y  m e th o d s .
The g r i n d i n g  o f  r o l l e r  r a c e s  f o r  c o n e s  i s  a c c o m p l i s h e d  on 
H ea ld  g r i n d e r s  e s p e c i a l l y  d e s ig n e d  f o r  t h a t  p u r p o s e .  The g r i n d e r s  
a r e  a u t o m a t i c  and a r e  h y d r a u l i c a l l y  o p e r a t e d .  Once t h e  b a s i c  m a ch in e  
s e t t i n g  i s  m ade, t h e  o p e r a t o r  p l a c e s  a  h e a t - t r e a t e d  co n e  i n t o  a  j i g ,  
c h e c k s  t h e  co n e  r a c e s  f o r  c o n c e n t r i c i t y ,  and s e t s  t h e  m ach ine  i n t o  t h e  
g r i n d i n g  c y c l e .  The g r i n d e r  a u t o m a t i c a l l y  co m p e n sa te s  t h e  b a s i c  
a d j u s t m e n t  f o r  w ear  o f  t h e  g r i n d i n g  w h e e l s ,  a l th o u g h  i t  i s  s t i l l  
n e c e s s a r y  f o r  t h e  o p e r a t o r  t o  make some a d j u s t m e n t s  in  t h e  c o u r s e  o f  
t h e  g r i n d i n g  o p e r a t i o n .  The a d j u s t m e n t s  a r e  o c c a s io n e d  by t h e  o p e r a t o r  
c h e c k in g  t h e  d i a m e t e r  o f  t h e  r o l l e r  r a c e s  w i th  "g o "  and " n o -g o "  g a u g e s .  
As t h e  g r i n d e r  t e n d s  t o  " d r i f t "  f ro m  t h e  b a s i c  m ach ine  s e t t i n g ,  t h e  
o p e r a t o r  c o m p e n sa te s  f o r  su c h  c h a n g e s  i n  s e t t i n g  by u s e  o f  a m ic ro m e te r  
d i a l .
Cone g r i n d e r  o p e r a t o r s  h a v e  a  lo w e r  l a b o r  g r a d e  and h o u r l y  
wage s c a l e  t h a n  B u l l a r d  o p e r a t o r s ;  h o w ev e r ,  some w o rk e r s  a l t e r n a t e l y  
o p e r a t e  ea c h  ty p e  o f  m a c h in e .  B e f o r e  c o n s i d e r i n g  t h e  c o n s e q u e n c e s  o f  
such  movement f ro m  m a ch in e  t o  m a c h in e ,  f i r s t  c o n s i d e r  t h e  u n i o n i z a t i o n  
o f  t h e  e m p lo y e e s .
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The w o rk e r s  em ployed  i n  t h e  m a n u f a c tu r i n g  p r o c e s s  a r e  members 
o f  an  in d e p e n d e n t  u n io n .  T h e  r e c o r d  o f  l a b o r  r e l a t i o n s  in  t h e  AMCO 
p l a n t  i s  good , a l th o u g h  some o f  t h e  p r o v i s i o n s  o f  t h e  w o rk in g  a g r e e ­
m en t p r e s e n t  d e f i n i t e  p r o b le m s  f o r  m anagem ent. S p e c i f i c a l l y ,  t h e  
c o n t r a c t  s t a t e s  t h a t  w i th  s h i f t s  in  t h e  l a b o r  r e q u i r e m e n t s  w h ich  
accom pany a  v a r i a b l e  volum e o f  p r o d u c t i o n ,  w o rk e r s  w i th  g r e a t e s t  
s e n i o r i t y  c a n  "bump" o t h e r s  w i t h  l e s s  s e n i o r i t y  t o  lo w e r  l a b o r  g ra d e  
j o b s  a s  t h e  l a b o r  r e q u i r e m e n t s  c o n t r a c t .  As th e  l a b o r  f o r c e  demand 
d e c r e a s e s  t h e  w o rk e rs  w i th  l e a s t  s e n i o r i t y  a re  l a i d  o f f .  C o n v e r s e ly ,  
a s  t h e  volum e o f  p r o d u c t i o n  i n c r e a s e s ,  w o rk e r s  l a i d  o f f  a r e  r e c a l l e d  
and  em p lo y e e s  w i t h  g r e a t e r  s e n i o r i t y  a r e  a g a in  m oved t o  j o b s  w i t h  
h i g h e r  l a b o r  g r a d e s .
F l u c t u a t i o n s  i n  s i z e  o f  work f o r c e  a r e  a l s o  o c c a s io n e d  by th e  
o c c u r r e n c e  o f  em ployee v a c a t i o n s ,  i l l n e s s e s ,  o r  o t h e r  a b s e n c e s .  In  
s u c h  c a s e s  w o r k e r s  may be  s h i f t e d  from  d e p a r tm e n t  t o  d e p a r tm e n t  
a c c o r d i n g  t o  s e n i o r i t y .  T h e  e f f e c t  o f  s u c h  movement i s  i n d i c a t e d  by 
t h e  f a c t  t h a t  o n e  w orker  g o i n g  on v a c a t i o n  can r e s u l t  in  t h e  s h i f t i n g  
o f  12 -15  w o r k e r s  i n  o r d e r  o f  s e n i o r i t y .  The c o n s t a n t  f l u x  o f  w o rk e rs  
s h i f t i n g  from  jo b  to  jo b  c r e a t e s  a s i t u a t i o n  i n  w h ic h  a  s u p e r v i s o r  can  
h a v e  a  s u b s t a n t i a l l y  d i f f e r e n t  work g r o u p  on s u c c e s s i v e  d a y s .  As 
w o r k e r s  move from  one jo b  t o  a n o t h e r ,  t im e  i s  r e q u i r e d  f o r  t h e  w orker  
t o  g e t  a d j u s t e d  t o  o p e r a t i n g  t h e  m a c h in e  on t h a t  j o b .  F o r  i n s t a n c e ,  
a  B u l l a r d  o p e r a t o r  may one  d a y  be s h i f t e d  to  t h e  c o n e  g r i n d i n g  
d e p a r tm e n t  due  t o  a  r e d u c t i o n  i n  vo lum e o f  p r o d u c t i o n .  S in c e  t h e  
B u l l a r d  o p e r a t o r  may n o t  h a v e  o p e r a t e d  a  cone g r i n d e r  f o r  s i x  m onths 
o r  m o re ,  some t i m e  i s  r e q u i r e d  t o  a l l o w  t h e  o p e r a t o r  t o  g e t  a d j u s t e d
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and q u a l i t y  c o n s i d e r a t i o n s  a r e  b ro u g h t  t o  t h e  a t t e n t i o n  o f  management 
a t  t h e  h i g h e s t  l e v e l .  The AMCO p l a n t  i s  v e ry  f o r t u n a t e  in  h a v in g  a 
q u a l i t y  c o n t r o l  manager who h a s  had e x t e n s i v e  e x p e r i e n c e  i n  n e a r l y  a l l  
a r e a s  o f  t h e  p r o d u c t i v e  p r o c e s s  and  h a s  worked a s  an  h o u r ly  em ployee 
i n  t h e  sh o p s .
Under t h e  d i r e c t i o n  o f  t h e  p r e s e n t  q u a l i t y  c o n t r o l  m anager ,  th e  
a c t i v i t i e s  o f  t h e  d e p a r tm e n t  have  a c h ie v e d  n o t a b l e  s u c c e s s  and p r o g r e s s ,  
w h i le  a t  th e  same t im e  m a in t a i n in g  a  good w ork ing  r e l a t i o n s h i p  w i th  
l i n e  u n i t s .  T h i s  r e l a t i o n s h i p  i s  i n  l a r g e  p a r t  a t t r i b u t a b l e  t o  t h e  
p e r s o n a l  s k i l l  o f  t h e  q u a l i t y  c o n t r o l  manager in  h a n d l in g  human 
r e l a t i o n s  p ro b le m s .  A g r e a t  d e a l  o f  c a r e  h a s  been e x e r c i s e d  by t h e  
q u a l i t y  c o n t r o l  d e p a r tm e n t  t o  a v o id  t h e  s u b v e r s io n  o f  l i n e  a u t h o r i t y .
On th e  o t h e r  h a n d ,  p r e s s u r e  h a s  been  b ro u g h t  t o  b e a r  on l i n e  u n i t s  when 
r e q u i r e d ,  and th e  d e p a r tm e n t  h a s ,  f o r  t h e  most p a r t ,  m a in ta in e d  a  f i r m  
p o s i t i o n  w i th  r e g a r d  t o  q u a l i t y  s t a n d a r d s .
The q u a l i t y  c o n t r o l  d e p a r tm e n t  o r g a n i z a t i o n a l  r e l a t i o n s h i p s  
a r e  shown in  F ig u r e  12. I t  i s  a p p a r e n t  from t h e  d ia g ra m  t h a t  t h e  mem­
b e r s  o f  t h e  d e p a r tm e n t  a r e  p r i n c i p a l l y  c o n ce rn ed  w i th  t h e  a c t i v i t i e s  
o f  i n s p e c t i o n  o f  m a n u fa c tu re d  and p u rc h a se d  p a r t s ,  th e  m a in te n a n c e  o f  
s t a n d a r d  gauges  and t o o l s ,  and t h e  developm ent o f  new i n s p e c t i o n  
p r o c e d u r e s .  I t  i s  s i g n i f i c a n t  t h a t  no p r o v i s i o n  i s  made f o r  t h e  
o r g a n iz e d  u s e  o f  s t a t i s t i c a l  q u a l i t y  c o n t r o l  t e c h n i q u e s .  C o n tro l  c h a r t s  
have  been  u sed  o c c a s i o n a l l y ,  b u t  l i t t l e  e f f o r t  h a s  been  made i n  t h e  
a r e a s  o f  s t a t i s t i c a l  q u a l i t y  c o n t r o l  e d u c a t io n  o r  o r g a n iz e d  u s a g e .
The q u a l i t y  c o n t r o l  d e p a r tm e n t  has  a b o u t  120 em ployees  o f  whom 
sev en  a r e  m a n a g e r ia l  and c l e r i c a l ,  15 a r e  engaged  in  n o n -p r o d u c t io n
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t o  t h e  g r i n d e r .  The a d ju s tm e n t  p e r io d  i s  t y p i c a l l y  o n e  o f  p o o r  o r  
e r r a t i c  q u a l i t y  o f  p r o d u c t i o n .  F u r t h e r ,  w o rk e r s  t e n d  to  g e t  t h e  
f e e l i n g  o f  b e in g  somewhat l i k e  t r a n s i e n t s  when moved f ro m  jo b  t o  j o b .  
The l a c k  o f  a  f i x e d  w o rk p la c e  f o r  w o rk e r s ,  a s  i s  shown l a t e r  i n  t h i s  
s t u d y ,  r e s u l t s  i n  a  d ro p  in  p r o d u c t  q u a l i t y  and c o n s i s t e n c y  o f  
p r o d u c t i o n .
The Q u a l i t y  C o n t r o l  D epartm en t o f  t h e  F irm
The q u a l i t y  c o n t r o l  d e p a r tm e n t  o f  AMCO h a s  p la y e d  a  key r o l e  
i n  e s t a b l i s h i n g  a n  e x c e l l e n t  r e c o r d  f o r  q u a l i t y  o f  p r o d u c t s .  I n  a  
r e c e n t  tw e lv e -m o n th  p e r i o d ,  o n ly  . 17. o f  ro c k  b i t s  w ere  r e p o r t e d  
d e f e c t i v e  i n  t h e  f i e l d .  Of t h i s  number o f  d e f e c t i v e s  o n ly  a b o u t  257. 
w ere  a t t r i b u t e d  t o  m a n u f a c tu r i n g  d e f e c t s  i n  t h e  b i t s .  The r e m a in d e r  
o f  t h e  d e f e c t i v e s  w ere  l a r g e l y  t h e  r e s u l t  o f  m a t e r i a l  f a i l u r e s  and 
c u s to m e r  e r r o r s  i n  u s a g e .  A lth o u g h  AMCO h a s  a c h ie v e d  an  a d m ir a b le  
r e c o r d  f o r  q u a l i t y  o f  f i e l d  p e r fo rm a n c e  o f  i t s  ro c k  b i t s  th r o u g h  good 
e n g i n e e r i n g  d e s i g n ,  m a n u fa c tu r in g  t e c h n i q u e s ,  and q u a l i t y  c o n t r o l ,  
t h e r e  r e m a in s  room f o r  im provem ent w hich  can  be a c h ie v e d  th r o u g h  t h e  
a p p l i c a t i o n  o f  s t a t i s t i c a l  q u a l i t y  c o n t r o l  t e c h n i q u e s .  The a p p l i c a t i o n  
o f  t h e  s t a t i s t i c a l  t e c h n i q u e s  c a n  b e s t  be p r e s e n t e d  f o l l o w i n g  a  p r e s e n ­
t a t i o n  o f  t h e  n a t u r e  o f  t h e  q u a l i t y  c o n t r o l  f u n c t i o n  i n  t h e  AMCO p l a n t .
The o r g a n i z a t i o n a l  p o s i t i o n  o f  t h e  q u a l i t y  c o n t r o l  d e p a r tm e n t  
i s  shown i n  F ig u r e  9 .  N o t i c e  t h a t  t h e  q u a l i t y  c o n t r o l  m anager i s  a  
s t a f f  o f f i c e r  who r e p o r t s  t o  t h e  V ice  P r e s i d e n t  o f  M a n u f a c tu r in g .
The p o s i t i o n  o f  q u a l i t y  c o n t r o l  m anager i s  one  o f  c o n s i d e r a b l e  p r e s t i g e  
a t  AMCO, f o r  t h e  f i r m  a s  a  w h o le  i s  v e ry  q u a l i t y - m i n d e d .  F u r t h e r ,  t h e  
V ice  P r e s i d e n t  o f  M a n u fa c tu r in g  i s  a  member o f  th e  B oard  o f  D i r e c t o r s ,
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a c t i v i t i e s  and t h e  re m a in d e r  work i n  t h e  s h o p s  i n s p e c t i n g  m a n u fa c tu re d  
p a r t s .  A lm ost t e n  y e a r s  ago t h e  number o f  em p loyees  t o t a l e d  more t h a n  
272 , b u t  im proved  equ ipm ent and p r o c e d u r e s  hav e  e n a b le d  a  r e d u c t i o n  i n  
s t a f f  w h i le  s i g n i f i c a n t l y  im p ro v in g  q u a l i t y .  A l t o g e t h e r  t h e r e  a r e  
1 ,792  v i s u a l ,  g a u g e ,  o r  m ach ine i n s p e c t i o n  o p e r a t i o n s  p e r fo rm e d  i n  t h e  
p l a n t .  The q u a l i t y  c o n t r o l  d e p a r tm e n t  h a s  p r e p a r e d  d e s c r i p t i o n s  o f  
each  i n s p e c t i o n  o p e r a t i o n  w hich  a r e  made a v a i l a b l e  t o  t h e  v a r i o u s  
i n s p e c t i o n  s u p e r v i s o r s .  R e c e iv in g  i n s p e c t i o n  f o r  s t e e l  b i l l e t s ,  f o r  
exam ple ,  i s  t y p i c a l l y  1007. i n s p e c t i o n  and i s  f u l l y  d e s c r i b e d  i n  t h e  
d e p a r tm e n t  m anual o f  p ro c e d u re .
I n s p e c t i o n  P r o c e d u r e - R e c e i v i n g
1. V is u a l  I n s p e c t i o n
T h e re  m ust be v i s u a l  i n s p e c t i o n  o f  a l l  b a r  and b i l l e t  
s t o c k  f o r  s u r f a c e  d e f e c t s  such  a s  c r a c k s ,  l a p s ,  u n d e r f i l l s ,  
and e x c e s s iv e  c h i p p in g  g ro o v e s .
T h e re  m ust be  v i s u a l  i n s p e c t i o n  o f  a l l  p u rc h a s e d  
c a s t i n g s  and f o r g i n g s  f o r  sand  h o l e s ,  p o r o s i t y ,  c r a c k s ,  
l a p s ,  e t c .
A l l  b a r s  and b i l l e t s  must be i n s p e c t e d  f o r  s t r a i g h t n e s s  
( p h y s i c a l  m easurem ent i f  v i s u a l  a p p e a ra n c e  i n d i c a t e s  t h e  
n e c e s s i t y ) .  Commercial s t r a i g h t n e s s  t o l e r a n c e s  a s  g iv e n  
i n  G e n e ra l  M a t e r i a l  A c c e p ta n c e  S p e c i f i c a t i o n s  w i l l  a p p ly  
e x c e p t  f o r  s p e c i f i c  i n s t r u c t i o n  by th e  I n s p e c t i o n  Forem an.
2. D im e n s io n a l  I n s p e c t i o n
a .  A l l  b a r ,  b i l l e t ,  t u b u l a r ,  w i r e ,  s h e e t  s t o c k ,  e t c . ,  m ust 
be i n s p e c t e d  f o r  s i z e ,  s h a p e ,  s q u a r e n e s s ,  o u t - o f - r o u n d  
and s t r a i g h t n e s s  p e r  G e n e ra l  M a t e r i a l  A c c e p ta n c e  
S p e c i f i c a t i o n s  o r  o t h e r  s p e c i f i c  i n s t r u c t i o n  by t h e  
I n s p e c t i o n  Forem an.
b . Make d im e n s io n a l  i n s p e c t i o n  o f  f o r g i n g s ,  c a s t i n g s ,  and 
o t h e r  i te m s  p u rc h a s e d  w i th  d raw in g  s p e c i f i c a t i o n s  p e r  
s u b s e q u e n t  i n s t r u c t i o n s  i n  t h i s  m anua l.
3. H a rd n e s s  T e s t
Make B r i n e l l  o r  R ockw ell t e s t  o f  a l l  m a t e r i a l s  w here 
h a r d n e s s  s p e c i f i c a t i o n  i s  a  p a r t  o f  t h e  GMAS o r  a  d raw in g  
r e q u i r e m e n t .
4 .  Spark  T e s t
I n  t h e  h a n d l i n g  and  sh ip m e n t  o f  s t e e l  s t o c k ,  p a r t i c u l a r l y  
when i n  l a r g e  q u a n t i t i e s ,  t h e r e  i s  a lw ays  t h e  p o s s i b i l i t y  
t h a t  s t e e l s  o f  one k in d  may become mixed w i th  s t e e l s  o f  
a n o t h e r . . .B ecau se  i t  i s  i m p r a c t i c a l  i f  n o t  im p o s s ib l e  t o  
make sam ple  l a b o r a t o r y  e x a m in a t io n s  o f  e a c h  p i e c e  o f  s t e e l
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p u rc h a s e d ,  t h e  s p a r k  and a c i d  t e s t  i d e n t i f i c a t i o n  m ethods 
a r e  a p p l i e d .
The s p a rk  method i s  t h e  i d e n t i f i c a t i o n  o f  s t e e l s  
a c c o rd in g  to  t h e i r  chemical a n a l y s i s  by v i s u a l  exam ina­
t i o n  o f  t h e  s p a r k s  throw n o f f  when th e  s t e e l s  a r e  h e ld  
a g a i n s t  a h ig h  sp e e d  g r i n d i n g  w h e e l . . . P i e c e s  o f  s t e e l  o f  
i d e n t i c a l  m a t e r i a l  w i l l  p ro d u c e  a  s p a r k  s t r e a m  o f  i d e n t i c a l  
c h a r a c t e r i s t i c s . . .The e le m e n t  h a v in g  t h e  m ost e f f e c t  i n  
s p a rk  c h a r a c t e r i s t i c s  i s  c a rb o n ,  and t h i s  e f f e c t  i s  t h e  
one most u s e f u l . . .
A llo y e d  s t e e l s  a r e  n o t  so  easy  t o  i d e n t i f y ,  b u t  w i th  
t h e  added u s e  o f  t h e  a c i d  t e s t  th e  mixiAg o f  s t e e l s  can  
be p r e v e n te d .  Any t im e  i d e n t i t y  o f  s t e e l  by s p a rk  t e s t  
i s  n o t  s a t i s f a c t o r y ,  th e  I n s p e c t o r  w i l l  s e c u r e  and send  
t o  t h e  L a b o ra to ry  a  sample f o r  a n a l y s i s .
I n  a d d i t i o n  to  1007. i n s p e c t i o n  p r o c e d u r e s ,  some i n s p e c t i o n
p ro c e d u re s  in c lu d e  sa m p lin g  t e c h n iq u e s .  The p ro c e d u re  f o r  i n s p e c t i n g
cones  i n  th e  b a l l  and r o l l e r  r a c e  o p e r a t i o n  p r o v id e s  f o r  i n s p e c t i n g  a
127, s am p le ,  w i th  1007. i n s p e c t i o n  o f  d e f e c t i v e  l o t s .
I n s p e c t i o n  P r o c e d u r e s —Cone D epartm ent 
D im ensiona l I n s p e c t i o n
D im ensiona l I n s p e c t i o n  o f  s p e c i f i c  d im e n s io n s  s h a l l  be 
a s  o u t l i n e d  f o r  s e t - u p  i n s p e c t i o n .
At t h e  b e g in n in g  o f  th e  s h i f t  a  s e t  o f  co n e s  (one  from 
each  c h u ck in g  s t a t i o n )  w i l l  be 1007. i n s p e c t e d  t h e  same as  
s e t - u p  check  e x c e p t  i t  w i l l  n o t  be  n e c e s s a r y  t o  make a con cen ­
t r i c i t y  ch eck .  Check f o r  c o n c e n t r i c i t y  i f  b a l l  r a c e  l o c a t i o n  
check i n d i c a t e s  t h a t  c e n t e r l i n e  o f  b a l l  r a c e  i s  n o t  p a r a l l e l  
t o  cone f a c e  o r  i f  t h e r e  i s  any v i s u a l  i n d i c a t i o n  o f  e c c e n ­
t r i c i t y .
T h r o u g h o u t  b a l a n c e  o f  s h i f t ,  l i n e  c h e c k  t h e  m a c h i n e  o n  
a  q u a l i t y  c o n t r o l  b a s i s  a s  f o l l o w s :
The o p e r a t o r  w i l l  p l a c e  t h e  cones  on t h e  work t a b l e  in  
rows o f  s i x  ( 6 ) .  Each row w i l l  r e p r e s e n t  a  co m p le te  
m ach ine  c y c l e .  The I n s p e c t o r  w i l l  make a  sam ple  check 
s t a r t i n g  a t  a  c o r n e r  cone  and work d i a g o n a l ly  a c r o s s  th e  
t a b l e .  By d o in g  t h i s ,  a  cone  from ea c h  c h u c k in g  s t a t i o n  
w i l l  be checked  f o r  e v e ry  s i x  (6 )  c y c l e s  c o m p le te d .
1. Check b a l l  r a c e  d i a m e te r — 1007. a l l  s am p les
2. Check b u s h in g  h o le  d i a m e t e r — 100% a l l  sam ples
3. Check b u s h in g  h o le  d e p t h - - 1007. a l l  sam p les
4 .  Check b a l l  r a c e  l o c a t i o n - - 1007. a l l  sam p les
5 . Check a l l  d im e n s io n s  f o r  w hich gage i s  s u p p l i e d - - 1007.
a l l  s am p le s
6. Check l a s t  cone  ru n  o f  each  t a b l e  l o t  1007. f o r  a l l
d im e n s io n s  f o r  w hich t h e r e  i s  no gage .
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7. Check l a s t  cone ru n  o f  each t a b l e  l o t  f o r  m a t e r i a l
i d e n t i f i c a t i o n
8 .  V is u a l l y  check  a l l  co n e s  on e a c h  t a b l e  l o t .
9 . Shop may r e q u e s t  s p e c i a l  r e - c h e c k  w henever t o o l  change
o c c u r s .  I f  r e q u e s t  i s  made, i n s p e c t o r  w i l l  make 
a  1007. ch eck .
Whenever s a m p le s  a re  fo u n d  to  be d e f e c t i v e ,  I n s p e c t o r  
w i l l  n o t i f y  th e  o p e r a t o r ,  s e e  t h a t  c o r r e c t i o n  i s  made, and 
check  1007. a l l  c o n e s  on  th e  t a b l e  l o t  f o r  d e f e c t i v e  co n es .
Any and a l l  d e f e c t i v e  m a t e r i a l  m u s t  be r e j e c t e d  ex c e p t  
p e r  s p e c i f i c  i n s t r u c t i o n  o f  t h e  i n s p e c t i o n  forem an.
The q u a l i t y  c o n t r o l  d e p a r tm e n t  has  a  v e r y  f i n e  a r r a y  o f
i n s p e c t i o n  equ ipm ent f o r  u s e  in  p r o d u c t i o n  and n o n - p r o d u c t io n  work.
L i s t e d  below a r e  some o f  t h e  m ajor p i e c e s  of equ ipm ent u se d  f o r  t o o l
t e s t i n g  and m i s c e l l a n e o u s  i n s p e c t i o n .
Kodak C om parato r
P r a t t  & Whitney M easu ring  M achine ( a c c u r a t e  to  .00001  in c h )  
A m erican  O p t ic a l  M a g n i f i e r  (u p  to  80X)
P r a t t  & Whitney S ig m a t ic  C om para to r  ( f o r  c h ec k in g  d ia m e te r s )
T a f t - P i e r c e  S ig m a t ic  C om parator
W ilson  Rockw ell H a rd n e ss  T e s t e r
Brow n-Sharpe Bench C en te rs
U n iv e r s a l  Compound A ngle V is e
M ic ro m a t ic a l  P r o f i l o m e t e r  ( s u r f a c e  f i n i s h  t e s t e r )
G r a n i t e  S u r fa c e  P l a t e  ( a c c u r a t e  t o  1 /1 ,0 0 0 ,0 0 0  in c h )
S h e f f i e l d  S u r f a c e g ra p h  ( s u r f a c e  f i n i s h  t e s t e r )
P r a t t  & Whitney Gage Blocks
The i n s p e c t i o n  s t a f f  in  t h e  shops a l s o  u t i l i z e s  some o f  t h e  above 
l i s t e d  equ ipm ent f o r  p r o d u c t i o n  i n s p e c t i o n ,  i n  a d d i t i o n  t o  o t h e r  
s p e c i a l i z e d  eq u ip m en t.  F o r  exam ple , AMC0 u s e s  a  m achine w hich  e l e c ­
t r o n i c a l l y  i n s p e c t s  r o l l e r  b e a r in g s  f o r  q u a l i t y .  M achines o f  t h i s  
ty p e  i n s p e c t  more th a n  3 0 ,0 0 0 ,0 0 0  r o l l e r s  a y e a r .  A s i m i l a r  ty p e  o f  
m ach ine  i s  u t i l i z e d  f o r  i n s p e c t i n g  b a l l  b e a r i n g s .  In  a l l ,  $ 4 ,0 0 0 ,0 0 0  
would be  a  c o n s e r v a t iv e  e s t i m a t e  o f  t h e  in v e s tm e n t  AMC0 h a s  i n  i t s  
a r r a y  o f  i n s p e c t i o n  g a u g e s ,  t o o l s ,  and  equ ipm en t.
The u se  o f  c o n t r o l  c h a r t s  by th e  q u a l i t y  c o n t r o l  d e p a r tm e n t  
h a s  been  c h i e f l y  l im i t e d  t o  th e  s tu d y  o f  i n d i v i d u a l  m ach ine p e r fo rm a n c e .
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C h a r t s  h a v e  been  used  i n  c o n ju n c t io n ,  w i th  m ach ine m a in te n a n c e  d e c i s i o n s  
i n  r e g a r d  to  some e q u ip m e n t ,  b u t  s t a t i s t i c a l  q u a l i t y  c o n t r o l  t e c h ­
n iq u e s  have  n o t  b een  a p p l i e d  s y s t e m a t i c a l l y  t o  p r o c e s s  c a p a b i l i t y  
s t u d i e s ,  s h i f t s  i n  s c r a p  and rew ork  p e r c e n t a g e s ,  a p p r a i s a l  o f  d e s ig n  
s p e c i f i c a t i o n s ,  o r  s i m i l a r  c h a r a c t e r i s t i c s .  S t a t i s t i c a l  q u a l i t y  
c o n t r o l  t e c h n iq u e s  have been  u sed  s p o r a d i c a l l y  by l i n e  p r o d u c t i o n  
u n i t s  and e n g i n e e r in g  s t a f f  g ro u p s ,  b u t  no o rg a n iz e d  s t a t i s t i c a l  group  
e x i s t s  i n  t h e  p l a n t .
A n a l y t i c a l  P r o c e d u re s  Employed in  t h e  S tudy 
From t h e  f o r e g o in g  d e s c r i p t i o n  o f  t h e  m a n u fa c tu r in g  a c t i v i t i e s  
a t  AMCO, i t  i s  c l e a r  t h a t  t h e  f i r m  i s  c h a r a c t e r i z e d  by a  p r o g r e s s i v e ,  
q u a l i t y - m in d e d ,  and w e l l  e q u ip p ed  s t a f f  o f  p e r s o n n e l ,  who have 
a c h ie v e d  a  good p e r fo rm a n c e  r e c o r d  i n  q u a n t i t y  an d  q u a l i t y  o f  p ro d u c ­
t i o n .  D e s p i t e  t h e  s u c c e s s  e x p e r i e n c e d  by th e  p l a n t ,  t h e r e  s t i l l  a r e  
q u a l i t y  c o n t r o l  p rob lem s o f  c o n c e rn  to  p r o d u c t i o n ,  e n g i n e e r in g  d e s ig n ,  
and q u a l i t y  c o n t r o l  m anagers  which a r e  now c o n s id e r e d .
D e s c r i p t i o n  o f  t h e  P rob lem
I n  g e n e r a l ,  t h e  more o b v io u s  q u a l i t y  im provem ents  have  been 
made and th e  ty p e  o f  p ro b le m  w hich re m a in s  t o  be s o lv e d  i s  o f  a  more 
s u b t l e  n a t u r e .  One such  p rob lem  c o n c e rn s  t h e  p r o d u c t i o n ,  i n s p e c t i o n ,  
and d e s ig n  s p e c i f i c a t i o n s  o f  t h e  r o l l e r  r a c e s  o f  head  s e c t i o n s  and c o n e s .  
From t h e  v ie w p o in t  t h a t  r o l l e r  b e a r in g  q u a l i t y  i s  one o f  t h e  m ost 
im p o r ta n t  f a c t o r s  i n  d e t e r m in in g  t h e  o p e r a t i o n a l  s u c c e s s  o f  ro ck  b i t s ,  
p r o d u c t i o n ,  e n g i n e e r i n g ,  and q u a l i t y  c o n t r o l  m anagers  have  been  
i n t e r e s t e d  i n  a  d e t a i l e d  a n a l y s i s  o f  t h e  v a r i o u s  a s p e c t s  a s s o c i a t e d
w ith  t h e  o u tg o in g  q u a l i t y  o f  a s s e m b le d  ro c k  b i t  r o l l e r  b e a r i n g s .
T h i s  s tu d y  p r o v i d e s  su c h  an  a n a l y s i s  th r o u g h  t h e  a p p l i c a t i o n  o f  
s t a t i s t i c a l  and management t h e o r y  t o  t h e  p r o d u c t i o n  o f  h ead  s e c t i o n s  
and c o n e s  a s  o u t l i n e d  i n  t h e  f o l l o w i n g  t o p i c a l  h e a d in g s :
1. R e l a t i v e  p e r fo rm a n c e  i n  te rm s  o f  p e r c e n t a g e s  o f  s c r a p  
and rew o rk .
2. S t a t i s t i c a l  s t a b i l i t y  and q u a l i t y  v a r i a t i o n  o f  m ach ines  
and o p e r a t o r s .
3 . P r o c e s s  c a p a b i l i t y  o f  each  m a c h in in g  o p e r a t i o n .
4 .  R e l a t i o n s h i p  o f  d e s i g n  s p e c i f i c a t i o n s  and p r o c e s s  c a p a b i l ­
i t i e s *
5 . E v a l u a t i o n  o f  q u a l i t y  c o n t r o l  p o l i c y  and p r a c t i c e .
6. Human r e l a t i o n s  c o n s i d e r a t i o n s  o f  t h e  p ro b lem .
The p ro b le m ,  a s  f i r s t  v i s u a l i z e d  by m anagem ent, was l a r g e l y  
a  q u e s t i o n  o f  a p p r a i s i n g  p r o d u c t i o n  p e r fo rm a n c e  in  v ie w  o f  d e s ig n  
s p e c i f i c a t i o n s .  The r e s u l t s  o f  t h e  i n i t i a l  p o r t i o n s  o f  t h e  a n a l y s i s ,  
how ever ,  p o i n t e d  up s e v e r a l  a d d i t i o n a l  r e l e v a n t  f a c t o r s  w h ich  w ere 
s u b s e q u e n t l y  a n a l y z e d .  F o r  b e t t e r  u n d e r s t a n d i n g  o f  t h e  r e s u l t s  o f  a l l  
p h a s e s  o f  t h i s  s t u d y ,  d e s c r i p t i o n s  o f  t h e  a n a l y t i c a l  p r o c e d u r e s  
a r e  p r e s e n t e d  f i r s t ,  f o l lo w e d  by t h e  f i n d i n g s  o f  t h e  s tu d y .
P r o c e d u r e s  Used f o r  A n a ly z in g  E x i s t i n g  Company R eco rd s
S in c e  c o n t r o l  c h a r t s  a r e  n o t  r e g u l a r l y  u s e d  i n  r e p o r t i n g  t h e  
o p e r a t i n g  c h a r a c t e r i s t i c s  o f  t h e  B u l l a r d  and cone g r i n d i n g  m ach ines  
u s e d  f o r  m a c h in in g  r o l l e r  r a c e s  o f  head  s e c t i o n s  and  c o n e s ,  i t  was 
n e c e s s a r y  t o  p r e p a r e  such  c o n t r o l  c h a r t s  b a sed  on sam p les  o f  p r o d u c t .
Any s a m p l in g  o f  p r o d u c t  must be a d ju d g e d  t y p i c a l  o f  t h e  p r o c e s s  t o  be  
a c c e p te d  a s  b e in g  r e p r e s e n t a t i v e .  I t  i s  d e s i r a b l e  to  h a v e  a  c o n s i d e r a b l  
q u a n t i t y  o f  d a t a  a t  h a n d ,  e . g . ,  c o n t r o l  c h a r t s  o f  s e v e r a l  m o n th s '  p ro d u c  
t i o n ,  w i t h  w hich  t o  com pare  any s a m p l in g  w hich  m ig h t be made. I n  t h e  
a b s e n c e  o f  p r i o r  c o n t r o l  c h a r t  d a t a  o f  t h e  p r o c e s s e s  u n d e r  c o n s i d e r a t i o n
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t h e  d e c i s i o n  was made t o  t a k e  a  l a r g e  sam p lin g  o f  head  s e c t i o n s  and 
co n es  and u t i l i z e  w h a tev e r  e x i s t i n g  p r o d u c t io n  r e c o r d s  w ere a v a i l a b l e .
D e ta i l e d  r e c o r d s  a r e  k e p t  by th e  i n s p e c t i o n  s t a f f  f o r  r e p o r t i n g  
s c r a p  and rew ork i n  a l l  p h a s e s  o f  p r o d u c t io n .  The amount o f  s c r a p  and 
rew ork i s  r e c o rd e d  i n  u n i t s  by ty p e  o f  d e f e c t  and th e n  p e r c e n ta g e s  a r e  
computed f o r  g e n e r a l  c l a s s e s  o f  d e f e c t s .  For p a s t  p e r i o d s ,  how ever,  
such in f o r m a t io n  i s  o n ly  a v a i l a b l e  in  m onth ly  and an n u a l  sum m aries .
I t  i s  p r a c t i c a l  t o  r e c o n s t r u c t  d e t a i l e d  s c r a p  and rew ork  p e r c e n ta g e s  
f o r  o n ly  a  few weeks b ack ,  f o r  a s  many a s  two h undred  i n s p e c t i o n  s l i p s  
may be su b m it te d  on a s i n g l e  d a y .  D e s p i t e  t h i s  volume o f  paperw ork  
w hich  must be s i f t e d ,  d a t a  was s e c u re d  f o r  s e v e r a l  w eeks ' p r o d u c t i o n  
and f r a c t i o n  d e f e c t i v e  c h a r t s  c o n s t r u c t e d  f o r  s c r a p  and rew ork  f o r  head 
s e c t i o n s  and c o n e s .
The f r a c t i o n  d e f e c t i v e  c h a r t s  w ere  d e s ig n e d  to  g iv e  th e  b e s t  
p o s s i b l e  d e t a i l e d  view  o f  t h e  p r o c e s s  p e r fo rm a n c e  im m ed ia te ly  p r i o r  
to  t h e  sam p lin g  p e r i o d .  I t  was a l s o  d e s i r a b l e ,  how ever,  t o  have  a 
view  o f  t h e  p r o c e s s  p e r fo rm a n c e  f o r  an  ex ten d ed  p e r i o d .  F r a c t i o n  
d e f e c t i v e  o f  s c r a p  and rew ork w ere  c h a r t e d  by month and by p r o c e s s .  
P r o d u c t io n  r e c o r d s  w ere  s tu d i e d  to  o b t a i n  th e  d a t a  w hich r e l a t e d  t o  
th e  p r o d u c t i o n  o f  r o l l e r  r a c e s  f o r  head  s e c t i o n s  and c o n e s .  P e r c e n ta g e s  
o f  d e f e c t s  w ere  computed and p l o t t e d  t o  p ro v id e  a means com paring  th e  
c o n s i s t e n c y  o f  p e r fo rm a n ce  o f  t h e  p r o c e s s e s .
E x i s t i n g  company r e c o r d s  a l s o  p ro v id e d  d a t a  f o r  d e te r m in in g  
t h e  r e l a t i v e  p e r fo rm a n ce  o f  th e  m ach in in g  o p e r a t i o n s  f o r  cones  and 
head  s e c t i o n s  a s  compared t o  o t h e r  s t e p s  in  t h e  p r o d u c t i v e  p r o c e s s .
S crap  and rew ork  d a t a  a r e  k e p t  by d e p a r tm e n t  and from  t h i s  in f o r m a t io n
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t h e  a v e r a g e  f r a c t i o n  d e f e c t i v e  was com puted from  i n s p e c t i o n  r e p o r t s *
The a v e ra g e  f r a c t i o n  d e f e c t i v e  f o r  ea c h  d e p a r tm e n t  was t h e n  a d j u s t e d
t o  a  common b a s e .  The p e r c e n t a g e s  f o r  ea c h  d e p a r tm e n t  th e n  r e p r e s e n t
t h e  t o t a l  s c r a p  and rew ork  f o r  t h e  p l a n t .  The r e l a t i v e  p e r fo rm a n c e
o f  each  d e p a r tm e n t  i s  shown th ro u g h  th e  u s e  o f  a  c u m u la t iv e  p r o b a b i l i t y  
h i s to g r a m .  I n  c o n s t r u c t i n g  t h e  h i s t o g r a m ,  d e p a r tm e n t s  a r e  a r r a n g e d  
i n  d e s c e n d in g  o r d e r  a c c o r d in g  t o  p e r c e n t a g e  o f  t o t a l  d e f e c t i v e s .
The c u m u la t iv e  h i s to g r a m  i s  composed o f  t h e  t o t a l  p e r c e n t a g e  
o f  d e f e c t i v e s  w h ich  o c c u r r e d  i n  t h e  p a s t  y e a r ' s  p r o d u c t i o n  o f  c o n e s  
and head  s e c t i o n s ,  b u t  i n c l u d e s  o n ly  t h o s e  d e p a r tm e n t s  in v o lv e d  in  
t h e  p r o d u c t i v e  p r o c e s s  th ro u g h  s u b -a s s e m b ly  o f  t h i r d s ,  i . e . ,  t h e  
a ssem b ly  o f  a  cone on a  head  s e c t i o n .  Only t h e  f i n a l  a ssem bly  o p e r ­
a t i o n  i s  o m i t t e d  from  t h e  h i s t o g r a m ,  f o r  d e f e c t i v e s  i n  f i n a l  a s sem b ly  
w ere  d e te rm in e d  by f a c t o r s  o t h e r  t h a n  t h e  q u a l i t y  o f  h ead  s e c t i o n s  and 
co n es  a s  su c h .
D e s c r i p t i o n  o f  t h e  Sam pling  T e c h n iq u e s
I n  o r d e r  t o  p r o v id e  a  good r e p r e s e n t a t i o n  o f  t h e  m a c h in in g  
p r o c e s s  t h e  i n i t i a l  s am p les  w ere  t a k e n  from  cone  and head  s e c t i o n s  
p ro d u ced  o v e r  a  p e r i o d  o f  t h r e e  w eeks. The sa m p le s  w ere  t a k e n  random ly  
by shop i n s p e c t o r s  from  e a c h  o f  t h e  m a ch in es  p r o d u c in g  co n es  and head  
s e c t i o n s .  The i n s p e c t o r s  w ere  i n s t r u c t e d  by t h e  q u a l i t y  c o n t r o l  m anager 
t o  m easu re  r o l l e r  r a c e  d i a m e te r s  w i t h  a gauge and r e c o r d  t h e  d a t a  on 
an  e s p e c i a l l y  p r e p a r e d  fo rm . I n  F i g u r e  13 t h i s  fo rm  i s  shown w i th  a  
s e r i e s  o f  d a t a  t a k e n  d u r in g  t h e  s a n p l i n g .  Each column r e f l e c t s  a 
sam ple o f  t e n  m e a su re m e n ts ,  and th e  mean and r a n g e  a r e  c a l c u l a t e d  a t
FIGURE 13
T a l ly  Sheet f o r  Recording Sample Data
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Machine No. ^ Part No. f U Z !  ~ 2. Date Z - h /
Time 7-8 8-9 9-10 10-11
CM1 12-1 1-2 2-3
+.0020
+.0018
+.0016
+.0014
+.0012
+.0010
1+.0008 /
1 +.0006 /
+.0004
1 +.0002 /
5 .0000
(ftM
/ / / /
5 - .0 0 0 2 / / / / /
6 - .0 0 0 4 oo / / / / / /
3 - .0 0 0 6 H / / / a3
5 -.0008 COc / / / / / 4JCJ
6 - .0 0 1 0 00 / / / / / / cn
1 - .0012 co / co
5 - .0014 JSu / / / / / o
2 - .0 0 1 6 u / / c•*■4
I -.0018 o / .c
9 - .0 0 2 0 <0V. / / / / / / / / / S«&.
2 - .0 0 2 2 idcx / /
1 - .0024 o /
I - .0026 /
-.0028
3 - .0 0 3 0 / / /
1 -.0032 /
- .0034
-.0036
-.0038
_ l  - .0040- /
- .0056
-.0058
- .0060
Mean 4 .4 11.2 17.2 15.6 11.2 11.6
Range 26 38 32
23
40 30 26
In s p e c to r
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t h e  b o tto m . On th e  l e f t  m a rg in  t h e  t o t a l  number o f  ea c h  i n d i v i d u a l  
m easurem en t i s  r e c o r d e d .
A sam p le  s i z e  o f  10 was c h o se n  f o r  two r e a s o n s .  F i r s t , su ch
a sam ple  s i z e  i n c r e a s e s  t h e  r e l i a b i l i t y  o f  t h e  s e l e c t e d  d a t a  i n  d e s c r i b ­
in g  t h e  p r o c e s s  c h a r a c t e r i s t i c s .  Second , a  sam p le  s i z e  o f  10 f a c i l i t a t e s  
t h e  c o m p u ta t io n  o f  t h e  a r i t h m e t i c  mean o f  s a m p le s .  A sam ple  o f  10 
i t e m s  was t a k e n  d u r in g  e a c h  h o u r  o f  p r o d u c t i o n  o f  co n es  and head 
s e c t i o n s .  O rd e r  o f  p r o d u c t i o n  was p r e s e r v e d  by t h e  i n s p e c t o r  n o t i n g  
t h e  d a t e  and h o u r  o f  eac h  sam p le .  F u r t h e r ,  s am p le s  w ere  ta k e n  by 
m a ch in e  and by s h i f t  f o r  eac h  t y p e  o f  m a ch in e .  In  t h i s  f a s h i o n  compa­
r a b l e  d a t a  w e re  ta k e n  f o r  i n d i v i d u a l  m ach ine  o r  o p e r a t o r  c o m p a r iso n ,  
a s  w e l l  as  c o m p ar iso n  by s h i f t .
F i n a l l y ,  n o t a t i o n s  w ere  made when t h e r e  were c h an g e s  i n  t h e  
o p e r a t o r ' s  a c t i v i t y  w h ich  m igh t a f f e c t  p r o d u c t  q u a l i t y .
I n  t h e  i n i t i a l  s a m p l in g  8 ,9 1 0  m easurem en ts  w ere  made o f  h e a d
s e c t i o n s  and 9 ,0 4 0  w ere  made o f  c o n e s .  However, o n ly  6 ,3 8 0  o r  638 
o f  th e  sam p le s  o f  head  s e c t i o n s  w ere  u s a b l e ,  s i n c e  some i n s p e c t o r s  
to o k  sam p les  i n  m easurem en ts  ro u n d e d  to  th e  n e a r e s t  .0 0 1 "  r a t h e r  t h a n  
t h e  n e a r e s t  .0 0 0 2 "  a s  i n s t r u c t e d .  The d a t a  t a k e n  f o r  cone  sam ples  
r e f l e c t e d  no m a jo r  d i s c r e p a n c y .  Sam ples w ere  t a k e n  from  th e  o p e r a t i o n  
o f  n i n e  d i f f e r e n t  m a c h in e s  in v o l v e d  in  p ro d u c in g  head  s e c t i o n s  and 14 
m a c h in e s  i n  t h e  g r in d i n g  o f  c o n e s .
F o l lo w in g  t h e  a n a l y s i s  o f  t h e  f i r s t  sam p l in g  o f  p r o d u c t i o n  a 
s eco n d  s e r i e s  o f  s am p le s  was t a k e n  from s e l e c t e d  m a c h in e s .  The 
o b j e c t  i n  m aking t h i s  s a m p lin g  was to  s e c u r e  d a t a  f o r  com paring  o p e r a t o r  
p e r fo rm a n c e  on g iv e n  m a c h in e s .  P r e c i s e l y  t h e  same p r o c e d u r e  i n  t a k i n g
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Che £ i r s t  s a m p l i n g  v a s  f o l l o w e d  i n  C he  s e c o n d ,  e x c e p C  ChaC m o re  
d e C a i l e d  n o t a t i o n s  o f  a n y  c h a n g e s  i n  t h e  o p e r a t o r  r o u t i n e  w e r e  n o t e d .
I n  a l l ,  1 ,290  m easu rem en ts  o f  head  s e c t i o n s  w ere  t a k e n  from  f o u r  
m a c h in e s  and 3 ,4 4 0  m e asu re m en ts  from  10 m ach in es  w ere  t a k e n  i n  cone 
g r i n d i n g .
A t h i r d  s e r i e s  o f  s am p les  was t a k e n  t o  s tu d y  f u r t h e r  t h e  
o p e r a t i o n  o f  cone g r i n d e r s .  I n  t h i s  c a s e ,  sam p les  o f  10 w ere  ta k e n  
a s  b e f o r e ,  b u t  o n ly  f o u r  m a c h in e s  w ere  sam p led .  The m a c h in e s  w ere 
s e l e c t e d  in  v ie w  o f  t h e  s i z e  o f  c o n e s  n o rm a l ly  g ro u n d ,  i . e . ,  one 
m a ch in e  w hich u s u a l l y  g r i n d s  l a r g e  (1 2 M-2 6 "  d i a m e t e r ) ,  one  w hich i s  
s e t  up  f o r  g r i n d i n g  m e d iu m -s iz e d  c o n e s  d i a m e t e r ) ,  and a
m ach ine  f o r  s m a l l  co n e  g r in d i n g  ( 4 " - 7 ,f d i a m e t e r ) .  Some 1 ,0 0 0  m e a s u re ­
m en ts  w ere  made o f  sam p led  p r o d u c t i o n  from  t h e  s e l e c t e d  m a c h in e s .
O th e r  S t a t i s t i c a l  T e c h n iq u e s  Used i n  t h e  S tudy
C o n t ro l  c h a r t s  f o r  means and r a n g e s  w ere  u s e d  t o  a n a ly z e  th e  
d a t a  t a k e n  f ro m  m i l l s  and  cone g r i n d e r s .  T r i a l  c o n t r o l  l i m i t s  w ere 
d e te rm in e d  on  th e  b a s i s  o f  t h e  a v e r a g e  r a n g e .  C o n t ro l  c h a r t s  w ere  
p l o t t e d  f o r  m a ch in es  p r o v id i n g  25 o r  m ore sam p le s  d u r i n g  t h e  sa m p lin g  
p e r i o d .
The c o n t r o l  c h a r t s  f o r  v a r i a b l e s  p r o v id e d  t h e  b a s i s  f o r  
a p p r a i s i n g  t h e  s t a t i s t i c a l  s t a b i l i t y  o f  each  m a ch in e .  C o n t ro l  c h a r t s  
f o r  t h e  m ach in es  s e l e c t e d  f o r  t h e  second  and t h i r d  s e r i e s  o f  d a t a  
i n d i c a t e d  w h e th e r  c o n t r o l l i n g  c e r t a i n  c o n d i t i o n s  d id  im prove t h e  
c o n s i s t e n c y  o f  p r o d u c t  q u a l i t y .  I n  a d d i t i o n ,  t h e  c o n t r o l  c h a r t s  r e l a t e d  
such  nonrandom  e v e n t s  a s  m ach ine a d j u s t m e n t s ,  t o o l  c h a n g e s ,  e t  c e t e r a ,  
t o  t h e  v a r i a t i o n  i n  p r o d u c t  q u a l i t y .
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C o n t r o l  c h a r t s  w ere  a l s o  c o n s t r u c t e d  f o r  t h e  f r a c t i o n  d e f e c t i v e  
v a l u e s  f o r  s c r a p  and rew o rk .  E x i s t i n g  company r e c o r d s  p r o v id e d  t h e  
d a t a  f o r  t h e  c h a r t s .  T hese  f r a c t i o n  d e f e c t i v e  c h a r t s  i n d i c a t e d  t h e  
s t a t i s t i c a l  s t a b i l i t y  o f  cone  g r i n d i n g  and  g r e e n  m a c h in in g  o p e r a t i o n s  
f o r  a  p e r i o d  o f  w eeks.
The i n d i v i d u a l  m e asu re m en ts  o f  sam pled  p a r t s  e n a b le d  t h e  
c o n s t r u c t i o n  o f  f r e q u e n c y  d i s t r i b u t i o n s  w hich  a r e  r e p r e s e n t a t i v e  o f  
a l l  i te m s  p ro d u c e d  d u r in g  t h e  sam p l in g  p e r i o d s .  The f r e q u e n c y  d i s t r i ­
b u t i o n s  p r e s e n t  a  g r a p h i c  c o m p a r is o n  o f  p r o c e s s  c a p a b i l i t i e s  w i th  
d e s i g n  s p e c i f i c a t i o n s .  F u r t h e r ,  s i n c e  c o n e s  w ere  a ssem b led  on head  
s e c t i o n s ,  t h e  d i s t r i b u t i o n s  p r o v id e  a means f o r  g e n e r a t i n g  th e  d i s t r i ­
b u t i o n  o f  a ssem b led  c l e a r a n c e s .
The d i s t r i b u t i o n  o f  a s s e m b le d  c l e a r a n c e s  was g e n e r a t e d  by 
Monte C a r lo  t e c h n iq u e s  b ased  on  a  t h e o r e t i c a l  no rm al c u rv e  f i t t e d  to  
t h e  d i s t r i b u t i o n  o f  h ead  s e c t i o n  m easu rem en ts  and a  sm oothed d i s t r i b u ­
t i o n  o f  cone  m e a su re m en ts .  Sm ooth ing  was n e c e s s a r y  i n  t h e  c a s e  o f  
c o n e s  due t o  i n s p e c t o r  " f l i n c h i n g , "  o r  t h e  te n d e n c y  t o  ro u n d  t o  ev en  
.0 0 1 "  d im e n s io n s  and t o  a v o id  c l a s s i f y i n g  £>arts a s  d e f e c t i v e s .  The 
Monte C a r lo  s i m u l a t i o n  was a c c o m p l i sh e d  on a  m e d iu m -s ize d  d i g i t a l  
co m p u te r  s i n c e  manual s i m u l a t i o n  would be q u i t e  cumbersome.
V a r i a t i o n  w i t h i n  sam p le s  was s t u d i e d  by m eans o f  a p p l y in g  t h e  
F - t e s t  o f  s i g n i f i c a n c e  t o  r a n g e - s q u a r e d  r a t i o s  f o r  s u c c e s s i v e  t e s t s  
o f  t h e  p e r fo rm a n c e  o f  s e l e c t e d  m a c h in e s .  The r a n g e - s q u a r e d  r a t i o s  
i n d i c a t e d  t h a t  i n  t h e  c a s e  o f  t h e  cone g r i n d e r s  a  t h i r d  s e r i e s  o f  
sa m p le s  was n e c e s s a r y  to  c l e a r l y  d i s t i n g u i s h  t h e  e f f e c t  o f  t h e  o p e r a t o r  
on  v a r i a t i o n ,  and t h e s e  sam p les  w ere  t a k e n  and a n a ly z e d .
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I n t e r v i e w i n g  T e c h n iq u e s  Used i n  t h e  S tu d y
R e c o g n iz in g  t h a t  t h e  human e le m e n t  i s  a  m a jo r  f a c t o r  i n  
d e t e r m in i n g  t h e  l e v e l  and c o n s i s t e n c y  o f  q u a l i t y  i n  p r o d u c t i o n ,  a 
s e r i e s  o f  i n t e r v i e w s  was c o n d u c te d  w i th  s t a f f  members, l i n e  s u p e r ­
v i s o r s ,  m ach ine  o p e r a t o r s ,  i n s p e c t i o n  p e r s o n n e l ,  and m id d le  manage­
ment members o f  t h e  m a n u fa c tu r in g  s e c t i o n  t o  o b t a i n  a co m p re h en s iv e  
v iew  o f  t h e  human s i d e  o f  head  s e c t i o n  m i l l i n g  and  cone g r i n d i n g .  
A lth o u g h  t h e  i n t e r v i e w s  w ere  e s s e n t i a l l y  n o n d i r e c t i v e ,  p a r t i c u l a r  
a t t e n t i o n  was g iv e n  to  comments and i n f o r m a t io n  i n d i c a t i n g  t h e  n a t u r e  
o f  em ployee a t t i t u d e s ,  t h e  l e v e l  o f  q u a l i t y  c o n s c io u s n e s s ,  p r e v a i l i n g  
l i n e  and s t a f f  r e l a t i o n s h i p s ,  and  th e  g e n e r a l  u n d e r s t a n d i n g  o f  th e  
r o l e  o f  th e  m a c h in in g  o p e r a t i o n s  i n  t h e  m a n u fa c tu r in g  p r o c e s s .
I n t e r v i e w s  w i th  s u p e r v i s o r y  p e r s o n n e l  w ere  co n d u c te d  on an  
In fo rm a l  b a s i s  and w ere  g e n e r a l l y  c h a r a c t e r i z e d  by c o r d i a l i t y  and 
c o o p e r a t i v e n e s s .  I n t e r v i e w s  a t  t h e  w o rk e r  l e v e l  w ere  co n d u c te d  d u r i n g  
s e v e r a l  t r i p s  th ro u g h  t h e  s h o p s .  S p e c i a l  n o t e  was made o f  t h e  g e n e r a l  
en v iro n m en t  o f  t h e  s h o p s ,  i n c l u d i n g  su ch  f a c t o r s  a s  t h e  i n t e l l e c t u a l  
and p h y s i c a l  demands o f  t h e  o p e r a t i o n s ,  s i g n i f i c a n t  s o c i a l  r e l a t i o n ­
s h i p s  among w o r k e r s ,  and o v e r - a l l  d e s i r a b i l i t y  o f  t h e  w o rk p la c e .
F i n a l l y ,  e x i s t i n g  p o l i c y  was a p p r a i s e d  on  th e  b a s i s  o f  th e  
i n f o r m a t i o n  g a in e d  from  t h e  i n t e r v i e w s .  The i n t e n t  o f  v a r i o u s  p o l i c i e s  
and p r o c e d u r e s  was com pared t o  a c t u a l  p e r fo rm a n c e  a s  o b s e rv e d  i n  t h e  
s h o p s  and i n f e r r e d  f ro m  t h e  s t a t i s t i c a l  d a t a .
CHAPTER V
PRESENTATION AND DISCUSSION OF THE RESULTS OF THE STUDY
The c h a r a c t e r i s t i c s  o f  t h e  r e s e a r c h  s i t e  and t h e  a n a l y t i c a l  
t e c h n i q u e s  u s e d  i n  t h i s  s tu d y  w e re  d e s c r i b e d  i n  C h a p te r  IV t o  p r o v id e  
t h e  r e a d e r  w i t h  a g e n e r a l  v iew  o f  t h e  c o n d i t i o n s  t h a t  p r e v a i l e d  w h i l e  
t h e  i n f o r m a t i o n  was b e i n g  s e c u r e d ,  a s  w e l l  a s  t o  e x p l a i n  why c e r t a i n  
p o r t i o n s  o f  t h e  m a n u f a c tu r i n g  p r o c e s s  w ere  s e l e c t e d  f o r  s t u d y .
C h a p t e r  V p r e s e n t s  t h e  p r i n c i p a l  r e s u l t s  o f  t h e  s t u d y ;  h o w e v e r ,  th e  
d a t a  p r e s e n t e d  i n  t h i s  c h a p t e r  a r e  b u t  a  p o r t i o n  o f  t h e  t o t a l  amount 
c o l l e c t e d .  P r e s e n t a t i o n  o f  a l l  d a t a  s e c u r e d  i n  t h e  a n a l y s i s  would 
r e q u i r e  a  c o n s i d e r a b l y  l a r g e r  v o lu m e ,  b u t  t h e  a d d i t i o n a l  d a t a  would 
n o t  p r o v i d e  any s i g n i f i c a n t  i n f o r m a t i o n  n o t  g iv e n  in  t h i s  c h a p t e r .
A n a l y s i s  o f  E x i s t i n g  Company R e c o rd s
P r i o r  t o  d ra w in g  any c o n c l u s i o n s  b a s e d  o n  t h e  s a m p le s  o f  c o n e s  
and  head  s e c t i o n s ,  i t  was d e s i r a b l e  t o  know w h e th e r  t h e  s a m p l in g  p e r i o d s  
c o u ld  be c o n s id e r e d  t y p i c a l  o f  t h e  p r o d u c t i o n  p a t t e r n  o f  p r e v i o u s  m o n th s .  
S c r a p  and  re w o rk  d a t a  i n  t h e  fo rm  o f  m o n th ly  sum m aries  f o r  t h e  p r e v i o u s  
y e a r  and  in  t h e  fo rm  o f  d a i l y  r e p o r t s  f o r  two m onths  p r i o r  t o  th e  
s a m p l in g  p e r i o d s  w ere  u s e d  a s  t h e  b a s i s  f o r  d e t e r m in i n g  ( 1 )  t h e  p a t ­
t e r n  o f  v a r i a t i o n  i n  s c r a p  and re w o rk  p e r c e n t a g e s  and ( 2 )  any  
d i f f e r e n c e s  i n  v a r i a t i o n  o f  p e r c e n t a g e s  b e tw ee n  t h e  m i l l i n g  and cone 
g r i n d i n g  o p e r a t i o n s .  The f i r s t  a s s u m p t io n  t e s t e d  by t h e  d a t a  from
98
99
e x i s t i n g  r e c o r d s  was t h a t  t h e  s a m p l in g  p e r io d s  w ere  ones w i t h  t y p i c a l  
s c r a p  and rew ork p e r c e n t a g e s ,  and t h e  second a s s u m p tio n  s i m i l a r l y  t e s t e d  
was t h a t  t h e  m i l l i n g  and cone g r i n d i n g  o p e r a t i o n s  r e f l e c t e d  s t a b l e ,  
s i m i l a r  p a t t e r n s  o f  v a r i a t i o n .
D a i ly  s c r a p  and  rework r e p o r t s  f o r  r o l l e r  r a c e  d i a m e t e r s  o f  
co n es  and head  s e c t i o n s  f o r  t h e  y e a r  p r i o r  t o  t h e  b e g in n in g  o f  th e  
s tu d y  a r e  r e f l e c t e d  i n  t h e  m onth ly  p e r c e n ta g e s  o f  d e f e c t i v e s  shown i n  
T a b le  V I I I  and F i g u r e s  14 and 15. Rework c o n s t i t u t e d  a b o u t  757. o f  a l l  
d e f e c t i v e  head  s e c t i o n s ,  w h i le  907. o f  d e f e c t i v e  cones  w ere  rew o rk ed .
The l a r g e r  p r o p o r t i o n  o f  d e f e c t i v e  c o n e s  b e in g  rew orked  i s  p e rh a p s  
e x p la in e d  by th e  f a c t  t h a t  a t  t h e  r o l l e r  r a c e  g r i n d i n g  s t a g e  o f  p r o d u c ­
t i o n  t h e  a v e ra g e  v a l u e  o f  a cone i s  ab o u t  $25 ,  w h i le  a h ead  s e c t i o n  
i s  v a lu e d  a t  ab o u t  $8 a t  th e  r o l l e r  r a c e  m a c h in in g  o p e r a t i o n .
The m on th ly  f r a c t i o n  d e f e c t i v e  d a t a  r e f l e c t  a f a i r l y  wide 
p a t t e r n  o f  v a r i a t i o n  f o r  th e  p a s t  y e a r .  The r i s e  in  th e  f r a c t i o n  
d e f e c t i v e  f o r  b o th  p a r t s  d u r in g  t h e  l a t e  summer months c o i n c i d e d  w i th  
a  p e r io d  o f  a n t i c i p a t e d  and s u b s e q u e n t  c u t -b a c k  in  p r o d u c t i o n  and 
r e d u c t i o n  i n  work f o r c e .  D uring  t h i s  p e r io d  o f  g r e a t e r  p e r c e n ta g e s  
o f  d e f e c t i v e s  t h e r e  was c o n s i d e r a b l e  movement o f  o p e r a t o r s  from  jo b  
to  jo b  a s  t h e  work f o r c e  s h i f t e d  i n  s i z e .  I n  t h e  f o l l o w i n g  m onths, 
a s  w o rk e r s  r e t u r n e d  t o  t h e i r  f o rm e r  j o b s ,  t h e  f r a c t i o n  o f  d e f e c t i v e  
cones  and head  s e c t i o n s  r e tu r n e d  t o  p r e v io u s  l e v e l s .
The d a y - to - d a y  p a t t e r n  o f  v a r i a t i o n  i n  d e f e c t i v e  c o n e s  i s  
shown i n  t h e  d a t a  o f  T a b le  IX and i n  F ig u re  16. The v a r i a t i o n  i s  
f a i r l y  s t a b l e  w i th  o n ly  fo u r  p o i n t s  o u t s i d e  t h e  c o n t r o l  l i m i t s .  T h re e
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o f  t h e  f o u r  o u t - o f - c o n t r o l  p o i n t s  w ere  t r a c e d  t o  ch a n g e s  i n  p r o d u c t i o n  
o r d e r s  w h ich  n e c e s s i t a t e d  e x t e n s i v e  ch an g e s  i n  m achine s e t - u p s .
The c o n t r o l  c h a r t  f o r  p e r c e n t  o f  d e f e c t i v e  head  s e c t i o n s ,  
shown i n  F ig u r e  17, i n d i c a t e s  a  much more u n s t a b l e  p a t t e r n  o f  v a r i a ­
t i o n ,  i n c l u d i n g  a s h i f t  i n  t h e  p r o c e s s  a v e r a g e  a t  t h e  end  o f  th e  
f i r s t  m on th . The g r e a t e r  i n s t a b i l i t y  i n  v a r i a t i o n  o f  d e f e c t i v e  head  
s e c t i o n s  r e s u l t s  f ro m  th e  n a t u r e  o f  t h e  B u l l a r d  m i l l .  When d e l i v e r e d  
from  th e  f a c t o r y ,  a  B u l l a r d  m i l l  i s  r a t e d  t o  m ach ine  p a r t s  w i t h i n  a  
ra n g e  o f  p l u s  o r  m inus .0 0 2 "  o f  a  nom inal d im e n s io n .  C o n s id e r i n g  t h a t  
t h e  d e s ig n  s p e c i f i c a t i o n s  f o r  r o l l e r  r a c e  d i a m e t e r s  a r e  p l u s  .0 0 0 "  and  
m inus .0 0 4 "  from  n o m in a l  d im e n s io n s ;  t h a t  many o f  t h e  B u l l a r d s  a r e  
s e v e r a l  y e a r s  o l d ;  and  t h a t  w ear on  e a c h  o f  t h e  e i g h t  s t a t i o n s  i s  u n e v e n ,  
n e c e s s i t a t i n g  i n t r i c a t e  t o o l  s e t t i n g ,  th e  u n s t a b l e  p a t t e r n  o f  v a r i a t i o n  
i s  no t  to o  s u r p r i s i n g .  Were i t  n o t  f o r  t h e  f a c t  t h a t  t h e  B u l l a r d  
o p e r a t o r s  a r e  t h e  m o s t h ig h ly  s k i l l e d  o p e r a t o r s  i n  th e  m a ch in e  s h o p s ,  
th e  v a r i a t i o n  would p r o b a b ly  be somewhat more u n s t a b l e  and e x t e n s i v e .
Cone g r i n d e r s ,  on t h e  o t h e r  h an d ,  a r e  d e s ig n e d  t o  h o ld  
t o l e r a n c e s  w e l l  w i t h i n  t h e  m inus .0 0 0 "  and p l u s  .004"  s p e c i f i c a t i o n  
l i m i t s  o f  r o l l e r  r a c e  d i a m e t e r s .  Cone g r i n d e r  o p e r a t o r s ,  how ever,  
have  l a b o r  g r a d e s  two t o  t h r e e  l e v e l s  below  t h e  B u l l a r d  o p e r a t o r s .
The r e l a t i v e  p e r fo rm a n c e  o f  d e p a r tm e n t s  i n  t h e  m a n u fa c tu r in g  
sequence  th r o u g h  t h e  s u b -a s se m b ly  o f  t h i r d s  o f  ro ck  b i t s  i s  shown i n  
T a b le  X I. The p e r c e n t a g e s  o f  t o t a l  i te m s  fo u n d  d e f e c t i v e  i n  each 
d e p a r tm e n t  a r e  p l o t t e d  i n  F ig u r e  18. Head s e c t i o n  m a c h in in g  on B u l l a r d s  
h a s  t h e  h i g h e s t  p e r c e n t a g e  w i th  23.9% , w h i l e  cone g r i n d i n g  r a n k s  e i g h t h  
w i th  6.5%
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On t h e  b a s i s  o£ t h e  r e s u l t s  p r e s e n t e d  i n  t h i s  s e c t i o n ,  t h e  
p r o p o s i t i o n  t h a t  t h e  sa m p l in g  p e r i o d s  w ere  t y p i c a l  i s  c o n f i rm e d .  The 
r e s u l t s  a l s o  d e m o n s t r a te d  t h a t  t h e r e  was c o n s i d e r a b l e  d i f f e r e n c e  i n  
t h e  p e r fo rm a n c e  o f  B u l l a r d  m i l l s  and co n e  g r i n d e r s .  The o p e r a t i o n  
in v o l v in g  t h e  B u l l a r d  m i l l s  showed a  c o n s i d e r a b l e  d e g re e  o f  i n s t a b i l i t y  
and was t h e  p r o c e s s  w hich  a c c o u n te d  f o r  t h e  l a r g e s t  p e r c e n t a g e  o f  
d e f e c t i v e  p r o d u c t .
P r o c e s s  C h a r a c t e r i s t i c s  Based on  Sampled D a ta
The c h a r a c t e r i s t i c s  o f  t h e  cone  g r i n d i n g  and head  s e c t i o n  
m i l l i n g  o p e r a t i o n s  w ere  o b t a i n e d  by fo rm in g  a g g r e g a t e  d i s t r i b u t i o n s  
o f  a l l  cone  and h ead  s e c t i o n  sam p le  m e a su re m en ts .  The mean, s t a n d a r d  
d e v i a t i o n ,  and r e l a t i v e  s t a b i l i t y  o f  e a c h  p r o c e s s  w ere  d e te rm in e d  from  
t h e  a g g r e g a t e  d i s t r i b u t i o n s .  The p r e m is e s  t e s t e d  w ere  t h a t  ( 1 )  t h e  
means w ere  c e n t e r e d  be tw een  .0 0 0 "  and . 0 0 4 " ,  (2 )  t h e  d i s p e r s i o n  was 
such  t h a t  t h e  p r o c e s s  c o u ld  s u b s t a n t i a l l y  m eet s p e c i f i c a t i o n s ,  (3 )  
t h e  d i s t r i b u t i o n s  w ere  s y m m e t r i c a l ,  and ( 4 )  t h e  p e r c e n t a g e s  o f  s c r a p  
and rew ork  r e f l e c t e d  i n  r e p o r t e d  d a t a  w ou ld  be  co n f irm ed  by t h e  a r e a s  
u n d e r  t h e  r e s p e c t i v e  c u rv e s  w hich  l i e  beyond t h e  s p e c i f i c a t i o n  l i m i t s .  
F i n a l l y ,  t h e  a g g r e g a t e  d i s t r i b u t i o n s  p ro v id e d  t h e  b a s i s  f o r  g e n e r a t i n g  
t h e  d i s t r i b u t i o n  o f  a s s e m b le d  c l e a r a n c e s  by s i m u l a t i o n .  The d i s t r i ­
b u t i o n  o f  c l e a r a n c e s ,  i n  t u r n ,  p r o v id e d  t h e  b a s i s  f o r  c o n c l u s i o n s  
r e g a r d i n g  th e  q u a l i t y  o f  a s s e m b le d  t h i r d s  and th e  adequacy  o f  e x i s t i n g  
s p e c i f i c a t i o n s .
T a b le  X II  shows th e  f r e q u e n c i e s  o f  d e v i a t i o n s  o f  r o l l e r  r a c e  
d ia m e te r s  o f  h ead  s e c t i o n s  from  nom ina l d im e n s io n s .  D u r in g  t h e  
sam p l in g  p e r i o d ,  r o l l e r  r a c e  d i a m e te r s  o f  co n es  and head s e c t i o n s  w ere
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s a m p le d  f ro m  p r o d u c t i o n  o r d e r s  f o r  r o c k  b i t s  r a n g i n g  i n  d i a m e te r  from  
3 7 /8 "  t o  15" . A l th o u g h  i n s p e c t o r s  w ere  i n s t r u c t e d  t o  t a k e  s a m p le s  o f  
t e n  m e a su re m e n ts  w i t h  an  a c c u r a c y  t o  t h e  n e a r e s t  . 0 0 0 2 " ,  i t  i s  a p p a r e n t  
from  F i g u r e  19 t h a t  i n s p e c t o r s  had  a  p ro n o u n c e d  te n d e n c y  t o  " f l i n c h , "  
o r  ro u n d  t o  t h e  n e a r e s t  e v e n  th o u s a n d t h  o f  an  i n c h .  N o t i c e  t h e  t e n d ­
ency  t o  ro u n d  a s  t h e  d i a m e t e r s  a p p ro a c h  t h e  s p e c i f i c a t i o n  l i m i t s  a t  
.0 0 0 "  an d  m inus . 0 0 4 " .
The d i s t r i b u t i o n  o f  d im e n s io n s  i s  n e a r l y  s y m m e tr ic a l  w i th  a  
p e r c e p t i b l e  skew t o  t h e  l e f t ,  and  c e n t e r e d  w i t h i n  t h e  s p e c i f i c a t i o n  
l i m i t s .  The mean o f  t h e  d i s t r i b u t i o n  i s  . 0 0 2 0 3 2 " ,  com pared w i t h  a 
d e s i g n  c e n t e r  o f  . 0 0 2 0 0 0 " ,  and  t h e  s t a n d a r d  d e v i a t i o n  i s  .0 0 1 1 4 6 " .
In  o r d e r  t o  f a c i l i t a t e  t h e  c a l c u l a t i o n  o f  o t h e r  i n f o r m a t i o n  b a s e d  on 
t h e  d i s t r i b u t i o n ,  i t  was n e c e s s a r y  t o  c o r r e c t  t h e  r e s u l t s  o f  i n s p e c t o r  
" f l i n c h i n g . "  A no rm al f r e q u e n c y  c u r v e  was f i t t e d  t o  t h e  d a t a  a s  
shown i n  F i g u r e  19 and t h e  t h e o r e t i c a l  f r e q u e n c i e s  a r e  g iv e n  i n  
T a b le  X I I .
The d i s t r i b u t i o n  o f  d e v i a t i o n s  o f  r o l l e r  r a c e  d i a m e t e r s  o f  c o n e s  
from  n o m in a l  d im e n s io n s  i s  shown i n  t h e  d a t a  o f  T a b l e  X I I I  and F ig u r e  
20. I n s p e c t o r  " f l i n c h i n g "  i s  a g a i n  a p p a r e n t ,  p a r t i c u l a r l y  a t  t h e  p l u s  
.0 0 4 "  s p e c i f i c a t i o n  l i m i t .  The p r o c e s s  i s  c e n t e r e d  a t  .0 0 2 8 3 2  and 
h a s  a  s t a n d a r d  d e v i a t i o n  o f  .0 0 0 8 3 0 " .  The d i s t r i b u t i o n  i s  a l s o  skewed 
to  t h e  l e f t  and  m arked  by a  more a p p a r e n t  l a c k  o f  sym m etry . The l a c k  
o f  sym m etry  i s  due  t o  t h e  c e n t e r i n g  o f  a  number o f  co n e  g r i n d e r s  a t  
a b o u t  . 0 0 2 0 0 " ,  w h i l e  m ost m a c h in e s  w ere  c e n t e r e d  n e a r  .0 0 3 0 " .  Normal 
c u r v e  f i t t i n g  d i d  n o t  p r o v i d e  t h e  e x c e l l e n t  r e s u l t s  a s  i n  t h e  c a s e
103
o f  T a b l e  X I I  and  F i g u r e  19. The " f l i n c h i n g "  was co m p e n sa te d  by 
e m p i r i c a l  a d j u s t m e n t  b a s e d  on  t h e  r e l a t i o n s h i p  o f  t h e  o b s e rv e d  and  
t h e o r e t i c a l  f r e q u e n c i e s  o f  t h e  d i s t r i b u t i o n  o f  h e a d  s e c t i o n  d e v i a t i o n s .
I t  i s  a p p a r e n t  t h a t  t h e  p r o c e s s e s  shown i n  F i g u r e  19 and  20 
d id  n o t  f u l l y  m ee t t h e  d e s ig n  s p e c i f i c a t i o n s *  f o r  i n  t h e  sam pled  p e r i o d  
3.247. o f  h ead  s e c t i o n  r o l l e r  r a c e s  w ere  ab o v e  t h e  .0 0 0 "  and 3.247. w ere  
s m a l l e r  t h a n  t h e  m in u s  .0 0 4 "  s p e c i f i c a t i o n  l i m i t s .  Cone r o l l e r  r a c e s  
r e v e a l e d  .447. w e re  l e s s  t h a n  t h e  .0 0 0 "  and 5.997. w ere  m ore th a n  t h e  
p lu s  .0 0 4 "  s p e c i f i c a t i o n  l i m i t s .  I n  t o t a l ,  6.487, o f  r o l l e r  r a c e  
d i a m e t e r s  o f  h e a d  s e c t i o n s  w ere  d e f e c t i v e ,  w h i l e  6.43% o f  c o n e s  w e re  
d e f e c t i v e ,  w i th  re w o rk  a c c o u n t i n g  f o r  a b o u t  507. o f  d e f e c t i v e  h ead  
s e c t i o n s  and a b o u t  937. o f  d e f e c t i v e  c o n e s .  The t o t a l  number o f  d e f e c ­
t i v e s  w e re  somewhat g r e a t e r  t h a n  t h e  m o n th ly  p e r c e n t a g e s  p r e v i o u s l y  
r e p o r t e d ,  b u t  upon  i n v e s t i g a t i o n  i t  was r e v e a l e d  t h a t  t h e  d e s ig n  
s p e c i f i c a t i o n s  w ere  n o t  b e in g  e n f o r c e d .
I t  i s  t h e  c u r r e n t  p r a c t i c e  t o  a c c e p t  head  s e c t i o n s  a s  s m a l l  a s  
m inus .0 0 5 "  and  c o n e s  a s  l a r g e  a s  p l u s  . 0 0 5 " ,  w h i l e  i n  t h e  c a s e  o f  
v e r y  l a r g e  c o n e s ,  d e v i a t i o n s  up t o  .0 0 6 "  and  .0 0 7 "  w e re  o c c a s i o n a l l y  
a c c e p t e d .  I n  v ie w  o f  t h i s  p r a c t i c e ,  a b o u t  3.607. o f  h e a d  s e c t i o n s  w ere  
d e f e c t i v e  and .797. o f  c o n e s  w ere  d e f e c t i v e .  The t o t a l  p e r c e n t a g e s  o f  
d e f e c t i v e  co n es  co m p ares  f a v o r a b l y  w i th  t h e  d a t a  o f  T a b le  V I I I  and  
F i g u r e  16 , b u t  s c r a p  a c c o u n t s  f o r  n e a r l y  h a l f  o f  d e f e c t i v e  c o n e s .  The 
t o t a l  p e r c e n t a g e  o f  d e f e c t i v e  h ead  s e c t i o n s  was more t h a n  tw ic e  t h e  
h i g h e s t  t o t a l  p e r c e n t a g e  f o r  t h e  p r e v i o u s  y e a r ,  and t h r e e  t im e s  t h e  
p e r c e n t a g e  r e p o r t e d  f o r  t h e  sam pled  p e r i o d .  The 3.607. o f  d e f e c t i v e  
h ead  s e c t i o n s  c o n s i s t e d ,  h o w ev e r ,  o f  .367. s c r a p  and 3.247.. r e w o rk ;  t h e
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fo rm e r  a g r e e d  w i th  t h e  r e p o r t e d  p e r c e n t a g e ,  b u t  th e  l a t t e r  was somewhat 
h ig h e r  t h a n  th e  r e p o r t e d  f i g u r e .
The f a i l u r e  o f  e i t h e r  p r o c e s s  t o  meet t h e  s p e c i f i c a t i o n  l i m i t s  
c o m p le t e ly ,  th e  t e n d e n c y  f o r  i n s p e c t o r s  t o  " f l i n c h "  when g a u g in g  p a r t s ,  
p l u s  t h e  r e l a x a t i o n  o f  th e  r e j e c t i o n  l i m i t s  posed  some q u e s t i o n s  a b o u t  
t h e  n a t u r e  o f  t h e  d i s t r i b u t i o n  o f  a s se m b le d  c l e a r a n c e s .  The a s se m b le d  
c l e a r a n c e  o f  co n es  on head  s e c t i o n s  i s  t h e  m e asu re  o f  o u tg o in g  q u a l i t y  
t h a t  i s  o f  c o n c e rn  i n  c o n s i d e r i n g  t h e  p e r fo rm a n c e  o f  t h e  r o l l e r  b e a r i n g s  
o f  rock  b i t s .  S in c e  i t  i s  v e ry  i m p r a c t i c a l  t o  m easure  a ssem b led  
c l e a r a n c e s  p h y s i c a l l y  be tw een  co n es  and head  s e c t i o n s ,  a n o t h e r  means 
had  to  be  u s e d  to  c o n s t r u c t  t h e  d i s t r i b u t i o n  o f  a s se m b le d  c l e a r a n c e s .
The d i s t r i b u t i o n  o f  a s sem b led  c l e a r a n c e s  was g e n e r a t e d  i n  t h i s  
s tu d y  by means o f  Monte C a r lo  s i m u l a t i o n  o f  t h e  a ssem b ly  p r o c e s s .  The 
d i s t r i b u t i o n  o f  head  s e c t i o n  and cone d im e n s io n s  p r o v id e d  t h e  b a s i s  f o r  
t h e  c o n s t r u c t i o n  o f  c u m u la t iv e  f r e q u e n c y  d i s t r i b u t i o n s  o f  p a r t s  f o r  
a s s e m b ly .  The t h e o r e t i c a l  f r e q u e n c i e s  o f  head  s e c t i o n s  and a d j u s t e d  
f r e q u e n c i e s  o f  co n e s  w ere  em ployed t o  e l i m i n a t e  t h e  e f f e c t s  o f  
" f l i n c h i n g . "
I n  v iew  o f  t h e  f a c t  t h a t  d e s i g n  s p e c i f i c a t i o n  l i m i t s  a r e  n o t  
b e in g  f o l lo w e d  in  p r o d u c t  i n s p e c t i o n ,  y e t  f i e l d  p e r fo rm a n c e  o f  ro c k  
b i t s  i s  e x c e l l e n t ,  one a s k s ,  "How much can  d e s i g n  s p e c i f i c a t i o n s  o f  
cones  and  head  s e c t i o n s  be r e l a x e d  w i th o u t  r u n n in g  a  s u b s t a n t i a l  r i s k  
o f  a s s e m b l in g  a ro c k  b i t  w hich w i l l  be d e f e c t i v e  i n  f i e l d  u se7 "  Some 
i n s i g h t  i n t o  a n s w e r in g  t h i s  q u e s t i o n  was p r o v id e d  by t h e  s i m u l a t i o n  
o f  th e  a s sem b ly  o f  a l l  m a n u fa c tu re d  p a r t s  i n c l u d i n g  d e f e c t i v e s .
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The f r e q u e n c y  d i s t r i b u t i o n s  shown i n  T a b l e  XIV w e re  c o n s t r u c t e d  
f ro m  th e  d i s t r i b u t i o n s  o f  a l l  co n e s  and head s e c t i o n s  s a m p le d .  In  
o r d e r  t o  s i m u l a t e  th e  a s s e m b ly ,  a p ro g ra m  was w r i t t e n  f o r  u s e  o n  a  
m e d iu m -s iz e d  d i g i t a l  c o m p u te r .  The c o m p u te r ,  a  s o l i d  s t a t e  d e v i c e ,  
u t i l i z e s  t a p e  and  t y p e w r i t e r  i n p u t .  The p ro g ra m  used  a  s u b r o u t i n e  t o  
g e n e r a t e  random  numbers i n t e r n a l l y  w i t h  a p e r i o d i c i t y  i n  e x c e s s  o f  
5 , 0 0 0 ,0 0 0  i t e r a t i o n s .  Random num bers w ere g e n e r a t e d  by i n s e r t i n g  an  
e i g h t - d i g i t  random  number when i n i t i a l i z i n g  t h e  p rog ram . The i n s e r t e d  
n um ber  was t h e n  m u l t i p l i e d  by th e  c o n s t a n t  23 . The two h i g h  o r d e r  
p o s i t i o n s  w ere  t h e n  s u b t r a c t e d  from  t h e  two low  o r d e r  p o s i t i o n s  o f  t h e  
p r o d u c t  to  p r o d u c e  a new e i g h t - d i g i t  random num ber.  F o r  t h e  s i m u l a t i o n ,  
t h e  m id d le  f o u r  d i g i t s  o f  e a c h  e i g h t - d i g i t  random  number w e re  u s e d .
T h e  c y c l e  was t h e n  r e p e a t e d  each  t i m e  a  random number was n e e d e d .
The p ro g ra m  was w r i t t e n  so t h a t  a l t e r n a t e  f r e q u e n c y  d i s t r i b u ­
t i o n s  co u ld  be i n s e r t e d  t o  p e r fo rm  s i m u l a t i o n s  o f  a s s e m b ly .  The 
s i m u l a t i o n  o f  t h e  a s sem b ly  o f  a l l  sam p led  i t e m s  i s  shown i n  F ig u r e  2 1 a  
a n d  T a b l e  XIV. N o t i c e  t h a t  no a s s e m b l i e s  have c l e a r a n c e s  o f  l e s s  t h a n  
t h e  lo w er  s p e c i f i c a t i o n  l i m i t  o f  .0 0 3 "  and o n ly  .627. h av e  c l e a r a n c e s  
g r e a t e r  th a n  t h e  u p p e r  l i m i t  o f  .0 1 1 ” . T a b le  XV and F i g u r e  21b show 
t h e  r e s u l t s  o f  t h e  s i m u l a t i o n  of t h e  a ssem bly  o f  p a r t s  a c c e p t e d  by 
i n s p e c t o r s .  I t  i s  s i g n i f i c a n t  t o  n o t e  t h a t  t h e  s m a l l e s t  g e n e r a t e d  
c l e a r a n c e  was .0 3 8 ” , w h i l e  o n ly  .06% o f  a s s e m b l i e s  had c l e a r a n c e s  
g r e a t e r  th a n  . 0 1 1 ” .
The a g g r e g a t e  d i s t r i b u t i o n  o f  head  s e c t i o n s  shown i n  F ig u r e  
19 c o n f i r m s  t h e  p re m is e  t h a t  th e  m i l l i n g  p r o c e s s  was in  c o n t r o l ,  
a l t h o u g h  t h e r e  was some d i s c r e p a n c y  i n  r e p o r t e d  s c r a p  and rew o rk  f i g u r e s
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and sam p led  d a t a .  The co n e  g r i n d i n g  p r o c e s s  showed a  s u b s t a n t i a l  
l a c k  o f  c o n t r o l  d u e  t o  p o o r  c e n t e r i n g  o f  i n d i v i d u a l  m a c h in e s  w hich 
a c c o u n t s  f o r  t h e  l a c k  o f  sym m etry .  A c t u a l l y ,  s i n c e  d e v i a t i o n s  o f  a s  
much a s  .0 0 5 "  a r e  a c c e p t a b l e  i n  e a c h  p r o c e s s ,  t h e  p r o c e s s e s  s h o u ld  be  
c e n t e r e d  a t  ,0 0 2 5 u . The f a i l u r e  o f  sam pled  d a t a  t o  a g r e e  w i th  r e p o r t e d  
p e r c e n t a g e s  o f  h e a d  s e c t i o n s  s c r a p p e d  and re w o rk e d  i n d i c a t e s  p o o r  
i n s p e c t o r  p r a c t i c e .  F i n a l l y ,  t h e  s im u l a t e d  a s s e m b ly  o f  c o n e s  and h ead  
s e c t i o n s  r e v e a l e d  t h a t  a  m in u te  f r a c t i o n  o f  a s s e m b le d  c l e a r a n c e s  o f  
p a r t s  a c c e p t e d  by i n s p e c t o r s  w e re  o u t  o f  s p e c i f i c a t i o n ,  w h e re a s  i f  t h e  
p r o c e s s e s  w ere  c e n t e r e d  w i t h o u t  n e c e s s a r i l y  r e d u c i n g  t h e  d i s p e r s i o n ,  
t h e  same r e s u l t  c o u ld  hav e  b een  a c h i e v e d  by u t i l i z i n g  a l l  p a r t s  p r o d u c e d .
C o n t r o l  C h a r t s  f o r  S e l e c t e d  B u l l a r d  M i l l s  and  Cone G r i n d e r s
C o n t ro l  c h a r t s  f o r  means and  r a n g e s  w e re  c o n s t r u c t e d  from  
sam p led  d a t a  t o  a p p r a i s e  t h e  s t a t i s t i c a l  s t a b i l i t y  o f  co n e  g r i n d e r s  
and B u l l a r d  m i l l s .  C o n t r o l  c h a r t s  w ere  p r e p a r e d  f o r  ea c h  s e r i e s  o f  
s a m p le s  t o  e n a b l e  c o m p a r is o n s  o f  t h e  o p e r a t i o n  o f  m a c h in e s  u n d e r  
v a r i o u s  c o n d i t i o n s .  C o n t r o l  c h a r t s  f o r  means w e re  u se d  t o  r e f l e c t  t h e  
v a r i a t i o n  l a r g e l y  due t o  m a ch in e  s e t t i n g  by o p e r a t o r s ,  w h i l e  c o n t r o l  
c h a r t s  f o r  r a n g e s  show t h e  v a r i a t i o n  p r i n c i p a l l y  due  t o  t h e  m ach ine  
i t s e l f .  Such f a c t o r s  a s  o p e r a t o r  r o t a t i o n ,  o p e r a t i n g  t e c h n i q u e ,  and 
w o rk in g  s h i f t  w e re  exam ined  a s  m a jo r  f a c t o r s  i n  e x p l a i n i n g  v a r i a t i o n  
and i n s t a b i l i t y  o f  q u a l i t y  o f  p r o d u c t i o n .  The h y p o t h e s i s  i n  t h e  c a s e  
o f  B u l l a r d  m i l l s  was t h a t  r o t a t i o n  o f  o p e r a t o r s ,  i . e . ,  p l a c i n g  o p e r a t o r s  
o f  r e l a t i v e l y  s t a b l e  m a c h in e s  ( i n  t e r m s  o f  s am p le  a v e r a g e s )  a t  m a c h in e s  
w hich  showed i n s t a b i l i t y  w ou ld  im p ro v e  t h e  d e g r e e  o f  s t a t i s t i c a l  c o n t r o l ,  
w h i l e  t h e r e  would be no c h a n g e  i n  t h e  a v e ra g e  r a n g e  o f  s a m p l e s .  I n
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t h e  c a s e  o f  co n e  g r i n d e r s  I t  was assumed t h a t  (1 )  m a in te n a n c e  o f  a  
s i n g l e  o p e r a t o r  a t  m a c h in e s ,  and (2 )  o p e r a t i o n  o f  t h e  m ach ine  by a 
more c a r e f u l  p r o c e d u r e  w ould  r e d u c e  i n s t a b i l i t y  i n  te rm s  o f  sam ple  
m eans, w h i le  n o t  a f f e c t i n g  t h e  a v e r a g e  r a n g e ,  w h ich  was assum ed to  
r e f l e c t  v a r i a t i o n  from  w i t h i n  t h e  m a ch in e  i t s e l f .
Of a l l  t h e  B u l l a r d  m i l l s  and co n e  g r i n d e r s  from  w hich  sam pled 
d a t a  w ere  t a k e n ,  f o u r  o f  each  ty p e  o f  m ach ine  w ere  s e l e c t e d  f o r  p r e s e n ­
t a t i o n .  The s e l e c t e d  m a c h in e s  p r e s e n t  t h e  f u l l  r a n g e  o f  v a r i a t i o n  o f  
p ro d u ced  p a r t s  and r e p r e s e n t  a  c r o s s - s e c t i o n  o f  a l l  m a ch in es  sam p led .  
The m orn ing  s h i f t  was s e l e c t e d  a s  t h e  b a s i s  f o r  t h e  co m p a r iso n  o f  
m ach ine  o p e r a t i o n ,  a l th o u g h  d a t a  from  t h e  s e l e c t e d  m a c h in e s ,  on  th e  
e v e n in g  s h i f t ,  i s  a l s o  p r e s e n t e d .
Of t h e  f o u r  s e l e c t e d  B u l l a r d  m i l l s ,  m a ch in es  7624 and 
14124 w ere  c h o s e n  f o r  p r e s e n t a t i o n  b e c a u s e  o f  t h e i r  r e l a t i v e l y  p o o r  
s t a t i s t i c a l  c o n t r o l ,  i n  t e rm s  o f  t h e  d i s t r i b u t i o n s  o f  sam ple  a v e r a g e s ,  
in  t h e  f i r s t  s a m p l in g  a s  shown in  T a b le s  XVI, XVII, XIX, and XX and i n  
F ig u r e s  22 , 24 , 28 , and 30 . M ach ines  7784 and 7877 , on t h e  o t h e r  han d ,  
r e f l e c t e d  r e a s o n a b l y  good c o n t r o l  i n  t h e  f i r s t  s a m p l in g  a s  shown i n  
T a b l e s  X X II, X X III ,  XXV, and XXVI and i n  F ig u r e s  3 4 ,  36 , 4 0 ,  and 42 .
The f o u r  s e l e c t e d  B u l l a r d  m i l l s  I n d i c a t e d  good c o n t r o l  i n  te rra s  o f  
sam p le  r a n g e s  i n  t h e  f i r s t  s a m p l in g  a s  shown i n  t h e  above l i s t e d  t a b l e s  
and in  F i g u r e s  23 , 25 , 29 , 3 1 ,  35 , 4 1 ,  and 42 .
In  an  e f f o r t  t o  d e t e r m in e  t h e  e x t e n t  t o  w hich  th e  o p e r a t o r  was 
r e s p o n s i b l e  f o r  t h e  l a c k  o f  s t a t i s t i c a l  c o n t r o l  i n  te rm s  o f  sam ple  
a v e r a g e s  (w hich  r e f l e c t  m ach ine  s e t t i n g s ) ,  t h e  o p e r a t o r s  on s e l e c t e d  
m a c h in e s  show ing  good c o n t r o l  w e re  a s s ig n e d  t o  m ach in es  show ing p oo r
108
c o n t r o l  and v i c e  v e r s a .  S p e c i f i c a l l y ,  t h e  o p e r a t o r  o n  m ach ine  7624 
was a s s i g n e d  t o  m ach ine  7877 , t h e  o p e r a t o r  on m ach ine  14124 was 
a s s i g n e d  t o  7784 , and v i c e  v e r s a .
The d a t a  o f  t h e  seco n d  s a m p l in g ,  shown i n  T a b le s  X V III ,  XXI, 
XXIV, and  XXVII and i n  F ig u r e s  26 , 27, 3 2 ,  33 , 3 8 ,  3 9 ,  4 4 ,  and 45 
i n d i c a t e  some i n t e r e s t i n g  r e s u l t s .  M ach ines  f o r m e r ly  show ing p o o r  
c o n t r o l  i n  te rm s  o f  sam ple  a v e r a g e s  a r e  much im proved  and m ach in es  
w h ich  p r e v i o u s l y  r e f l e c t e d  good c o n t r o l  c o n t in u e d  t h e  s t a b l e  p a t t e r n ,  
e x c e p t  f o r  m ach ine  7784. R an g es ,  on  t h e  o t h e r  h a n d ,  rem a in ed  l a r g e l y  
i n  c o n t r o l .  The c o m p a r is o n  o f  t h e  r e s u l t s  o f  c h a n g in g  o p e r a t o r s  i s  
sum m arized  i n  T a b le  XLIV. N o t i c e  t h a t  t h e  a v e r a g e s  o f  sam p le  means 
f o r  each  m ach ine  v a r y  b u t  s l i g h t l y ,  w h i l e  t h e  a v e r a g e  r a n g e s  o f  t h e  
m orn ing  s h i f t  f o r  t h e  f i r s t  s a m p l in g  a r e  l e s s  t h a n  e i t h e r  t h e  e v e n in g  
s h i f t  o f  t h e  f i r s t  s a m p l in g  o r  t h e  m o rn in g  s h i f t  o f  t h e  se c o n d  sa m p l in g  
f o r  ea c h  r e s p e c t i v e  m a ch in e .  F u r t h e r  d i s c u s s i o n  o f  t h e  r e l a t i o n s h i p s  
b e tw ee n  t h e  a v e ra g e  r a n g e s  w i l l  be p r e s e n t e d  i n  t h e  s e c t i o n  d e a l i n g  
w i th  a n a l y s i s  o f  v a r i a n c e .  F i n a l l y ,  t h e  number o f  r u n s  w hich  o c c u r r e d  
i n  each  i n s t a n c e  w ere  somewhat i n c o n c l u s i v e .
P r e s e n t a t i o n  o f  t h e  d a t a  f o r  mean and ra n g e  c h a r t s  f o r  cone 
g r i n d e r s  f o l l o w s  th e  same fo rm a t  a s  t h a t  u s e d  f o r  B u l l a r d  m i l l s .  Cone 
g r i n d e r s  8 0 5 3 , 8056 , 8 0 5 7 ,  and 8093 w ere  s e l e c t e d  f o r  p r e s e n t a t i o n ,  
a l th o u g h  none  o f  t h e  m ach ines  showed any i n d i c a t i o n  o f  s t a t i s t i c a l  
c o n t r o l  i n  te rm s  o f  sam ple  a v e r a g e s .  F a i r l y  good c o n t r o l  i n  te rm s  o f  
r a n g e s  i s  e v id e n c e d  by m a c h in e s  8053 and 8093 . S in c e  o p e r a t o r s  a r e  
n o t  r e g u l a r l y  a s s ig n e d  t o  cone  g r i n d e r s  a s  i n  t h e  c a s e  o f  B u l l a r d  m i l l s ,  
b u t  a r e  r o t a t e d  from m ach ine  t o  m ach ine  a s  th e  work lo a d  r e q u i r e s ,  t h e
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d a t a  o f  t h e  f i r s t  s a m p l in g  r e p r e s e n t s  t h e  work o f  m ore t h a n  one o p e r ­
a t o r  f o r  e a c h  m a c h in e .  In  a n  e f f o r t  t o  d e t e r m in e  t h e  d e g r e e  t h a t  
o p e r a t o r s  in d u c e  i n s t a b i l i t y  o f  o u tp u t  i n  t e rm s  o f  d im e n s io n s ,  t h e  
s e c o n d  s a m p l in g  was t a k e n  w h i l e  o p e r a t o r s  w ere  n o t  r o t a t e d  among 
m a c h in e s .  The d a t a  and  c o n t r o l  c h a r t s  f o r  t h e  f i r s t  and se c o n d  sam­
p l i n g s  a r e  p r e s e n t e d  i n  T a b le s  XXVIII-XXIX and F i g u r e s  4 6 - 6 9 .
A more c o m p re h e n s iv e  v ie w  o f  t h e  r e s u l t  o f  a s s i g n i n g  a s i n g l e  
o p e r a t o r  t o  ea c h  s e l e c t e d  co n e  g r i n d e r  i s  shown i n  t h e  summary i n  T a b l e  
XLV. N o t i c e  t h a t  a s s i g n i n g  a  s i n g l e  o p e r a t o r  t o  cone  g r i n d e r s  d id  n o t  
im prove  t h e  number o f  p o i n t s  o u t  o f  c o n t r o l  i n  mean o r  r a n g e  c h a r t s  
and t h a t  t h e  a v e r a g e s  o f  s a m p le  means t e n d  t o  v a r y  f o r  t h e  g ro u p s  o f  
sa m p le s  t a k e n  in  t h e  f i r s t  and s e c o n d  s a m p l in g  f o r  eac h  r e s p e c t i v e  
m a c h in e .  A ls o  o f  i n t e r e s t  i s  t h e  f a c t  t h a t  t h e  a v e r a g e  r a n g e  i s  l e s s  
f o r  t h e  s e c o n d  s a m p l in g  th a n  f o r  t h e  m o rn in g  s h i f t  o f  t h e  f i r s t  s a m p l in g .
S in c e  t h e  r e s u l t s  o f  a s s i g n i n g  a  s i n g l e  o p e r a t o r  t o  cone 
g r i n d e r s  w ere  somewhat i n c o n c l u s i v e ,  a  t h i r d  s e r i e s  o f  s a m p le s  was 
t a k e n .  A s i n g l e  o p e r a t o r  was a s s i g n e d  t o  ea c h  o f  t h e  s e l e c t e d  m a c h in e s  
and  was g i v e n  i n s t r u c t i o n s  d e s i g n e d  t o  r e d u c e  p r o d u c t  v a r i a t i o n  and t o  
c e n t e r  t h e  d e v i a t i o n s  o f  r o l l e r  r a c e  d i a m e t e r s  s q u a r e l y  b e tw ee n  t h e  
s p e c i f i c a t i o n  l i m i t s .  The d a t a  and  c o n t r o l  c h a r t s  f o r  t h e  t h i r d  sam­
p l i n g  a r e  shown i n  T a b l e s  X L-X LIII and  F i g u r e s  70-77  and sum m arized  
i n  T a b le  XLV.
The d a t a  f ro m  t h e  t h i r d  s a m p l in g  i s  m a rk e d ly  d i f f e r e n t  from  
t h e  d a t a  p r e v i o u s l y  t a k e n .  A v a s t  im provem ent i s  i n d i c a t e d  i n  t h e  
number o f  p o i n t s  o u t  o f  c o n t r o l  f o r  mean c h a r t s ,  t h e  a v e r a g e s  o f  s a m p le  
means a r e  c l o s e l y  b u nched  a b o u t  .020* ',  and t h e  num ber o f  r u n s  i s  r e d u c e d
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i n  each  c a s e .  T h e re  i s ,  ho w ev er ,  no s i g n i f i c a n t  im provem ent i n  t h e  
number o f  p o i n t s  o u t  o f  c o n t r o l  on r a n g e  c h a r t s .
The c o n t r o l  c h a r t s  c o n f i rm  (1 )  t h a t  r o t a t i o n  o f  B u l l a r d  o p e r ­
a t o r s  im proves  p e r fo rm a n c e  s t a b i l i t y  i n  te rm s  o f  sam ple  a v e r a g e s ,  and 
(2 )  t h a t  o p e r a t i o n  o f  cone g r i n d e r s  by a  more c a r e f u l  p r o c e d u r e  
s u b s t a n t i a l l y  r e d u c e s  v a r i a t i o n  and i n s t a b i l i t y  due t o  t h e  o p e r a t o r .  
C o n t r o l  c h a r t s ,  i n  t h e  c a s e  o f  cone g r i n d e r s ,  f a i l  t o  s u b s t a n t i a t e  
t h e  p r o p o s i t i o n  t h a t  a s s i g n i n g  a  s i n g l e  o p e r a t o r  t o  eac h  m a ch in e  
r e d u c e s  i n s t a b i l i t y  and v a r i a t i o n .
T e s t s  o f  S i g n i f i c a n c e  f o r  A v e ra g e  Ranges
I t  has a l r e a d y  been  m e n tio n e d  t h a t  th e  r a n g e s  o f  s a m p le s  te n d  
to  r e f l e c t  th e  v a r i a t i o n  i n  p r o d u c t  d im e n s io n s  in t r o d u c e d  by t h e  
m achine  i t s e l f .  S in c e  one o f  t h e  o b j e c t i v e s  o f  t h i s  s tu d y  i s  t o  a n a ­
ly z e  t h e  s o u rc e s  o f  v a r i a t i o n  o b s e rv e d  i n  t h e  p r o d u c t i o n  o f  head  
s e c t i o n s  and c o n e s ,  i t  i s  w e l l  t o  exam ine th e  r a n g e s  o f  sam ple  g ro u p s  
from  s e l e c t e d  m a c h in e s  by means o f  a n a l y s i s  o f  v a r i a n c e .  The h y p o th ­
e s i s  i n  t h e  a n a l y s i s  h e r e  s t a t e s  t h a t  f o r  each  s e l e c t e d  m a c h in e ,  
w i th i n - s a m p le  v a r i a t i o n  w i l l  be c o n s t a n t  from  s a m p l in g  t o  s a m p l in g ,  
i . e . ,  t h e  r a t i o  o f  v a r i a n c e s  a s  e s t i m a t e d  by (R /d 2 ) w i l l  e q u a l  o n e .
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The m orn ing  s h i f t  o f  o p e r a t i o n  was s e l e c t e d  a s  t h e  b a s i s  f o r  
a n a l y s i s  and th e  a v e r a g e  r a n g e s  o f  sam ple  g ro u p s  t a k e n  d u r in g  t h e  f i r s t  
and s e c o n d  s a m p l in g s  w ere t e s t e d  f o r  s i g n i f i c a n c e .  The r e s u l t s  o f  t h e  
a n a l y s i s  o f  B u l l a r d  m i l l s  a r e  shown i n  T a b le  XLVI. I t  i s  i n t e r e s t i n g  
t o  n o t e  t h a t  t h e  h y p o t h e s i s  i s  r e j e c t e d  f o r  t h e  f i r s t  and l a s t  m a c h in e s ,  
th e  m a c h in e s  o r i g i n a l l y  show ing  p o o r e s t  c o n t r o l ,  i n  te rm s  o f  s am p le  
a v e r a g e s ,  w h i le  m a c h in e s  7784 and 7877 show no s i g n i f i c a n t  d i f f e r e n c e s .
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I t  m ust be i n f e r r e d  from  t h e s e  r e s u l t s  t h a t  t h e  o p e r a t o r  d o e s  a f f e c t  
w i t h i n - s a m p l e  v a r i a t i o n ,  p r i n c i p a l l y  t h r o u g h  m a c h in e  s e t t i n g .
The a n a l y s i s  o f  v a r i a n c e s  o f  cone  g r i n d e r s  a s  e s t i m a t e d  f ro m  
t h e  a v e ra g e  r a n g e s  a r e  a l s o  shown in  T a b le  XLVI. L ik e  t h e  B u l l a r d  
m i l l s ,  h a l f  t h e  cone g r i n d e r s  r e v e a l  s i g n i f i c a n t  d i f f e r e n c e s  i n  
e s t i m a t e d  v a r i a n c e s ,  b u t  t h e r e  i s  no a p p a r e n t  c o r r e l a t i o n  b e tw ee n  t h e  
s t a t e  o f  s t a t i s t i c a l  c o n t r o l  o f  means o r  r a n g e s  and  t h e  r e s u l t s  o f  t h e  
s i g n i f i c a n c e  t e s t s .  The a n a l y s i s  o f  t h e  seco n d  and  t h i r d  s a m p l in g s ,  
h o w e v e r ,  r e v e a l s  more s i g n i f i c a n t  r e s u l t s ,  f o r  i n  e v e ry  c a s e  t h e r e  i s  
a  s i g n i f i c a n t  d i f f e r e n c e .  I t  c a n  be i n f e r r e d  t h a t  more c a r e f u l  a d j u s t ­
m en t o f  cone g r i n d e r s  s u b s t a n t i a l l y  r e d u c e s  w i th i n - s a m p l e  v a r i a t i o n ,  
l e a v i n g  o n ly  t h e  r e s i d u a l  v a r i a t i o n  i n t r o d u c e d  by t h e  m ach in e  i t s e l f .
No s u b s t a n t i a l  im provem en t i n  s t a t i s t i c a l  c o n t r o l  o f  r a n g e s  
i n  t h e  t h i r d  s a m p l in g  i s  i n d i c a t e d .  The o u t - o f - c o n t r o l  p o i n t s  on  t h e  
r a n g e  c h a r t s  f o r  t h e  t h i r d  s a m p l in g  a r e  e x p l a i n e d  by ch a n g e s  i n  s t o c k  
c o n d i t i o n s  o f  t h e  c o n e s ,  i . e . ,  t h e  amount o f  m e ta l  t o  be g ro u n d  by t h e  
m a c h in e .  Many o f  th e  o u t - o f - c o n t r o l  p o i n t s  on r a n g e  c h a r t s  f ro m  t h e  
f i r s t  and s e c o n d  s a m p l in g s  a r e  s i m i l a r l y  e x p l a i n e d .
The a n a l y s i s  o f  r a n g e - s q u a r e d  r a t i o s  r e f u t e s  t h e  p r e m is e  t h a t  
t h e  a v e ra g e  r a n g e  r e f l e c t s  o n ly  t h e  v a r i a t i o n  a r i s i n g  f ro m  t h e  m ach ine  
i t s e l f ;  r a t h e r ,  t h e  o p e r a t o r  i n f l u e n c e s  t h e  w i t h i n - s a m p l e  v a r i a t i o n  by 
h i s  o p e r a t i n g  t e c h n i q u e .
O b s e r v a t i o n s  f ro m  N o n d i r e c t i v e  I n t e r v i e w s
The w o rk in g  c o n d i t i o n s  a t  AMCO c a n  be c l a s s i f i e d  a s  good t o  
e x c e l l e n t .  AMCO em ployees  e n jo y  h o u r l y  w ages w h ich  a r e  g e n e r a l l y  above  
t h e  l e v e l  o f  t h e  l o c a l  l a b o r  m a rk e t .  T h e re  a r e  a l s o  e x t e n s i v e  f r i n g e
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b e n e f i t s ,  and t h e  m achine sh o p s  a r e  c o m p le te ly  a i r - c o n d i t i o n e d .  The 
b u lk  o f  m ach ine shop  em p loyees  hav e  lo n g  s e r v i c e  w i th  AMCO, f o r  t h e  
a v e ra g e  l e n g th  o f  s e r v i c e  i s  more t h a n  15 y e a r s .  L abor  t u r n o v e r  a t  
AMCO i s  v e ry  low , even  th o u g h  t h e r e  a r e  p e r i o d i c  f l u c t u a t i o n s  i n  t h e  
s i z e  o f  th e  work f o r c e .
The g e n e r a l  l e v e l  o f  em ployee s k i l l  c o u ld  n o t  be c l a s s i f i e d  
a s  s u p e r i o r  t o  t h a t  o f  s i m i l a r  p l a n t s  i n  t h e  a r e a .  The m o ra le  o f  t h e  
em ployees  a p p e a re d  t o  be r a t h e r  g o o d , and t h e  o p e r a t o r s  seemed to  be 
f a i r l y  w e l l  m o t iv a t e d  tow ard  t h e i r  j o b s .  T h e re  i s  an a p p a r e n t  la c k  
o f  s u p e r v i s i o n  i n  some d e p a r tm e n t s  i n  t h e  m ach ine  shop w here  t h e  sp a n  
o f  c o n t r o l  i s  a s  many as  25 -30  o p e r a t o r s .
As in  many o t h e r  p l a n t s ,  some em ployees  do n o t  f u l l y  u n d e r s t a n d  
t h e i r  r o l e  i n  t h e  o v e r - a l l  p r o d u c t i v e  p r o c e s s  and t h e r e f o r e  i d e n t i f y  
c e r t a i n  o f  t h e i r  p r o d u c t i v e  a c t i v i t i e s  w i th  t h e i r  own o r  some o t h e r  
e m p lo y e e 's  p e r s o n a l  o b j e c t i v e s  r a t h e r  t h a n  w i th  t h e  o b j e c t i v e s  o f  t h e  
p l a n t .  I n  many c a s e s  i t  i s  s im p ly  a  m a t t e r  o f  t h e  o p e r a t o r  b e in g  
s a t i s f i e d  w i th  e x e r t i n g  a minimum o f  e f f o r t  i n  p e r fo rm in g  h i s  j o b .
Em ployees t e n d  t o  h u r r y  th r o u g h  t h e  day t o  m eet t h e  p r o d u c t i o n  
s t a n d a r d  s e t  by t im e  s tu d y ,  and o n ce  t h e  s t a n d a r d  h a s  b een  met t h e  
em ployee i s  a l lo w e d  t o  w a i t  o u t  t h e  t im e  u n t i l  t h e  end o f  t h e  s h i f t .
I t  was a p p a r e n t  t h a t  an  e x c e l l e n t  w o rk in g  e n v i ro n m e n t  was n o t  c o r r e ­
l a t e d  w i th  g r e a t e s t  p r o d u c t i v i t y  o r  d e s i r e  f o r  h i g h e s t  p r o d u c t i v i t y  
among o p e r a t o r s .
The o p e r a t o r s  o f  B u l l a r d  m i l l s  a p p e a re d  t o  be t h e  g roup  b e s t  
m o t iv a t e d  i n  t h e  m ach ine  sh o p .  P e rh a p s  some a d d i t i o n e d  p r i d e  i s  t a k e n  
in  t h e  work b e c a u se  t h e  o p e r a t i o n  o f  t h e  m i l l s  i s  c o n s id e r e d  a
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s e p a r a t e  c r a f t  and i s  d i s t i n g u i s h e d  from  o t h e r  m a c h in in g  j o b s .  More 
s k i l l  i s  r e q u i r e d  i n  t h e  o p e r a t i o n  o f  t h e  B u l l a r d s  t h a n  i n  t h e  c a s e  
o f  t h e  co n e  g r i n d e r s ,  b u t  i n  e a c h  c a s e  t h e r e  i s  room f o r  im provem ent 
i n  w o rk e r  a t t i t u d e s  and o p e r a t i n g  t e c h n iq u e .
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TABLE V III
P ercen t o f Cones and Head S e c tio n s  D e fe c t iv e  Per Month
Month Cones Head S e c tio n s
Rework Scrap T ota l Rework Scrap T ota l
January .202 .032 .2 3 4 .771 .220 .991
February .233 .031 .264 1.203 .250 1.273
March .376 .032 .408 1.134 .345 1.479
A p ril .229 .040 .268 .857 .346 1.203
May .230 .044 .2 7 4 .872 .281 1.153
June .292 .050 .342 1.122 .281 1 .383
Ju ly .355 .041 .397 1.149 .394 1.543
August .552 .055 .608 .794 .2 8 4 1.078
September 1.112 .041 1.152 .739 .396 1.135
October .737 .0 3 9 .775 .608 .341 .949
November .490 .0 3 4 .528 .798 .362 1.160
December .532 .030 .562 .807 .397 1 .204
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FIGURE 14
P e r c e n t  o f  Cones D e f e c t i v e  p e r  Month
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FIGURE 15
P e r c e n t  o f  Head S e c t io n s  D e f e c t i v e  P e r  Month
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TABLE IX
Computation of Trial Control Limits for Control Chart for Per Cent 
Defective of Roller Race Diameters of Cones
j j.
Number Number of Fraction 3 /p ( l - p )
Inspected Defectives Defective 3<T ■   —  UCL LCL
/ n
p ♦ 3 C p » 3^
2,917 16 ,0055
3,041 53 .0174
3,040 13 .0043
3,411 14 .0041
4,259 9 .0021
3,947 11 .0028
3,739 20 .0053
3,713 8  .0022
3,867 22 .0057
4,118 24 .0058
3,916 26 .0066
3,498 20 .0057
3,580 5 .0014
3,483 13 .0037
3,424 32 .0093
3,121 25 .0080
2,979 15 .0050
3,738 9 .0024
3,709 27 .0073
3,254 12 .0037
3,096 21 .0068
3,017 25 .0083
3,263 24 .0074
.0041 .0096 .0013
.0040 .0095 .0014
.0040 .0095 .0014
.0038 .0092 .0016
.0034 .0088 .0021
.0035 .0089 .0019
.0036 .0090 .0018
.0036 .0090 .0018
.0035 .0089 .0019
.0034 .0088 .0020
.0035 .0089 .0019
.0037 .0092 .0017
.0037 .0092 .0017
.0037 .0092 .0017
.0038 .0093 .0016
.0039 .0094 .0015
.0040 .0095 .0014
.0036 .0090 .0018
.0037 .0091 .0017
.0039 .0094 .0015
.0040 .0095 .0014
.0040 .0095 .0014
.0039 .0094 .0015
TABLE IX (Continued)
Date Number Number of Fraction 3 /  p( 1-p)
Inspected Defectives Defective 3(7 -------- . . . UCL LCL
r*
n P p + 3<r p - 3<T
6 3,315 10 .0030 .0038 .0093 . 0 0 1 6
7 3,129 36 .0115 .0039 .0094 .0015
8 2,701 24 .0089 .0043 .0097 . 0 0 1 1
9 3,337 22 .0066 .0038 .0093 .0016
12 3,816 21 .0055 .0036 .0090 .0019
13 4,535 11 .0024 .0033 .0087 . 0 0 2 2
14 3,685 15 .0041 .0036 .0090 .0018
15 3,890 10 .0026 .0035 .0089 .0019
16 3,234 22 .0068 .0039 .0094 .0015
19 3,124 15 .0048 .0039 .0094 .0015
2 0 3,093 11 .0036 .0040 .0095 .0014
21 2,839 19 .0070 .0041 .0096 .0013
22 2 ,2 1 0 11 .0050 ,0047 . 0 1 0 1 .0007
23 1,922 8 .0042 .0050 .0105 .0004
Total 124,959 679
679
p .  -------------  .  ,0054
124,959
3 / p ( l - p )  -  3 j ( , 0054)(.9946) -  3J .0054 -  3 x .0735 -  .2205
n y
u
DJor.
c*. <.
T “lT\
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O
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TABLE X
Computation of T ria l  Control Limits for Control Chart for Per Cent 
D efect ive  o f  R o ller  Race Diameters of Head Sections
Number Number o f  Fraction 3  j p ( i .p )
Inspected D e fe c t iv es  D efect ive  3<T -  ■■ ■    UCL LCL
/  n _  _
n p p + 3d" p •  3 0 "
1,380 24 .0174 .0086 .0201 .0029
3,545 19 .0054 .0054 .0169 .0062
3,564 68 .0191 .0054 .0169 .0062
3,573 22 .0062 .0054 .0169 .0062
3,370 50 .0148 .0055 .0171 .0060
4,394 50 .0114 .0048 .0164 .0067
3,945 67 .0172 .0050 .0166 .0065
1,875 43 .0229 .0074 .0189 .0042
2,099 27 .0129 .0070 .0185 .0046
3,108 80 .0259 .0057 .0173 .0058
4,686 44 .0094 .0047 .0162 .0069
5,246 71 .0135 .0041 .0156 .0075
3,879 28 .0074 .0051 .0167 .0064
4,141 89 .0214 .0049 ■ .0165 .0066
3,990 16 .0040 .0051 .0167 .0064
4,122 26 .0063 .0050 .0166 .0065
2,543 34 .0134 .0063 .0179 .0052
2,726 32 .0117 .0061 .0177 .0054
4,401 17 .0039 .0048 .0164 .0067
5,174 21 .0041 .0044 .0156 .0071
'1,761 828 - - - _
828
p - ---------- - .01L6
71,761
3 / p ( l - p )  -  3 / ( . 0 l l 6 ) ( . 9 8 8 4 )  -  3 /  .0116 -  3 x . L0 7 7  - . 3 2 3 1
L20
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TABLE X (Continued)
Number Number of Fraction 37 p (l-p)
Inspected Defectives Defective 3(T * ——— UCL LCL
p + 3<T p -  3(T
3,458 57 .0165 .0043 .0117 .0030
3,885 16 .0041 .0041 .0115 .0032
4,383 23 .0052 .0039 .0112 .0035
4,224 16 .0054 .0039 .0112 .0035
4,838 21 .0043 .0037 .0110 .0037
2,933 25 .0085 .0047 .0120 .0026
3,219 25 .0078 .0045 .0118 .0028
2,832 19 .0067 .0048 .0121 .0025
4,826 20 .0041 .0037 .0110 .0037
3,186 18 .0056 .0045 .0118 .0028
2,410 23 .0095 .0052 .0125 .0021
2,885 15 .0052 .0048 .0121 .0025
3,481 25 .0072 .0043 .0117 .0030
3,397 44 .0129 .0044 .0118 .0029
2,002 32 .0159 .0057 .0130 .0016
4,001 30 .0075 .0041 .0015 .0032
3,300 25 .0076 .0044 .0018 .0029
59,260 434 - * m
434
p -  , — - -  .00732
59,260
3 / p (l-p ) -  3 /( .0 0 7 3 2 X .99268) - 3 J .00723 -  3 x .08503 -  .2550 121
FIGURE 17
p*Chart for  D efect ive  Head S e c t io n s ,  by Day, for S e lec ted  Months
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TABLE XI
P ercentages o f  D e fe c t iv e  Product fo r  
O perations in  th e  M anufacturing Sequence 
Through th e  Sub-assem bly o f  Thirds
D e sc r ip tio n  o f  
O peration
P ercent
D e fe c tiv e
Percent 
o f  T ota l 
D e fe c t iv e s
Cum ulative
P ercentage
1. Heads—B u lla rd s 4 .8 0 23 .88 23.88
2. Cones—M illin g 3 .20 15.91 39.79
3 . Cones—Hard fa c in g 2 .25 11.19 50 .98
4 . Forging—Heads 2 .12 10 .54 61 .52
5 . Forging— Cones 2 .06 10 .24 71 .76
6. Sub-assem bly—Heads 1.70 8 .4 5 80.21
7. Sub-assem bly—Cones 1 .6 4 8 .1 5 88 .36
8 . Cones--Turning 1.30 6 .4 6 94.82
9 . Heat t r e a t in g —Heads .53 2 .6 4 97 .46
10. Heat trea tin g --C o n es .51 2 .5 4 100.00
T otal 20.11 100.00
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FIGURE 18
Cumulative Frequency D is tr ib u t io n  o f F ra ctio n s  
o f  Product D e fe c tiv e  in  O perations in  the  
M anufacturing Sequence Through th e  
Sub-Assembly o f Thirds
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TABLE X I I
D i s t r i b u t i o n  o f  R o l l e r  R a ce  D ia m e t e r s  o f  Head S e c t i o n s ,
i n  D e v i a t i o n s  fro m  N om in a l D im e n s i o n s ,
F i r s t  S a m p lin g
Dimension ObservedFrequency
T h eo retica l
Frequency Dimension
Observed
Frequency
T h eo re tica l
Frequency
More than + .0014 0 9 .2 -.0 0 2 2 295 437 .4
+.0014 1 5 .5 - .0 0 2 4 291 417.8
+.0012 5 8 .8 -.4 0 2 6 233 387.8
+.0010 21 14.3 -.0 0 2 8 387 347.7
+.0008 5 22.6 - .0 0 3 0 543 304.3
+.0006 13 26,8 - .0 0 3 2 223 256.0
+ .0004 12 50 .0 -.0 0 3 4 194 211.1
+.0002 24 70.3 - .0 0 3 6 159 166.7
.0000 249 96.1 -.0 0 3 8 167 129.5
-.0 0 0 2 130 129.5 -.0 0 4 0 305 96.1
- .0 0 0 4 134 166.7 -.0 0 4 2 28 70 .3
-.0 0 0 6 126 211.1 - .0 0 4 4 17 50 .0
-.0 0 0 8 230 256.0 -.0 0 4 6 11 26.8
-.0 0 1 0 508- 304.3 -.0 0 4 8 4 22.6
-.0 0 1 2 340 347.7 - .0 0 5 0 8 14.3
-.0 0 1 4 332 387.8 -.0 0 5 2 1 8 .8
-.0 0 1 6 272 417.8 Less than - .0 0 5 2 3 14,7
-.0 0 1 8 381 43 7 .4
-.0 0 2 0 729 444.3 TOTAL 6,381 6 ,3 6 8 .1
FIGURE 19
D i s t r i b u t i o n  o f  R o L le r  R ace D ia m e t e r s  o f  Head S e c t i o n s ,
i n  D e v i a t i o n s  from  N om inal D im e n s io n s ,
F i r s t  S a m p lin g
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TABLE X I I I
D i s t r i b u t i o n  o f  R o l l e r  R a c e  D ia m e t e r s  o f  C o n e s ,
i n  D e v i a t i o n s  from  N om inal D im e n s io n s ,
F i r s t  S a m p lin g
D im ension O bserved  A d ju s te d  D im ension O bserved  A d ju s te d
F req u en cy  F req u en cy  F req u en cy  F requency
- .0 0 2 0 1 1 +.0022 659 660
-.0 0 1 8 +.0024 742 676
-.0 0 1 6 +.0026 623 745
-.0 0 1 4 1 2 +.0028 832 843
-.0 0 1 2 3 4 +.0030 1,310 860
-.0 0 1 0 12 5 +.0032 769 804
-.0 0 0 8 2 5 +.0034 553 712
-.0 0 0 6 1 6 +.0036 430 562
- .0 0 0 4 12 8 +.0038 501 540
-.0 0 0 2 11 9 +.0040 510 405
.0000 5 10 +.0042 164 252
+.0002 9 11 +.0044 66 129
+.0004 15 13 +.0046 55 70
+.0006 13 15 +.0048 43 45
+.0008 24 25 +.0050 49 27
+.0010 74 74 +.0052 16 18
+.0012 86 92 +.0054 4 8
+.0014 154 151 +.0056 2 5
+.0016 197 197 +.0058 3 4
+.0018 354 450 +.0060 8 4
+.0020 736 598
TOTAL 9 , 0 4 5 9 , 0 4 5
r T "'r*T3 r 20
D istrib u tio n  of R oller Rr-cc Dia-.xtcrs of Cones, in Deviations fro r Nominal Di’ ■ o.si v is,
F ir s t  Sar.pl lit;,
1 ,2501
1,000
/ \
750
500
.0010 .0000 + .0010 *  0050 *.0060
Dev 1■ tions
Source: Table XIII
L28
129
TABLE XIV
A ssem b led  C le a r a n c e s  o f  C ones and  Head 
S e c t i o n s — S im u la te d  Random A ssem bly  
o f  A ll  P a r t s  P ro d u c e d
C le a ra n c e  F re q u e n c y  C le a r a n c e  F re q u e n c y
.028 0 .080 1 ,775
.030 1 .082 1 ,7 2 4
.032 2 .0 8 4 1 ,682
.034 3 .086 1 ,601
.036 10 .088 1,598
.038 17 .0 9 0 1 ,384
.040 29 .092 1 ,1 5 4
.042 53 .0 9 4 1,026
.0 4 4 59 .096 833
.046 105 .098 736
.048 139 .1 0 0 531
.050 189 .102 496
.052 254 .1 0 4 346
.0 5 4 361 .1 0 6 240
.056 528 .108 161
.058 612 .1 1 0 122
.060 762 .112 70
.062 1 ,054 .1 1 4 52
.0 6 4 1 ,296 . 116 28
.066 1 ,320 .118 21
.068 1,333 .120 14
.0 7 0 1 ,470 .122 7
.072 1,667 .1 2 4 4
.0 7 4 1,701 .126 3
.076 1,819 .128 1
.078 1 ,806 .1 3 0 0
T o ta l 32 ,199
1 30
TABLE XV
Assem bled C learan ces o f  Cones and Head 
S ectio n s-« S iro u la ted  Random Assembly 
o f A ll  F a r ts  A ccepted  by In sp e c to r s
C learance Frequency C learance Frequency
036 0 .0 7 6 1 ,850
038 4 .078 1 ,882
040 15 .080 1,795
042 27 .082 1,718
044 43 .0 8 4 1 ,684
046 61 .0 8 6 1 ,602
048 109 .088 1,511
050 153 .090 1 ,243
052 202 .092 1 ,138
054 301 .0 9 4 994
056 427 .0 9 6 742
058 549 .098 701
060 656 .100 441
062 842 .1 0 2 307
064 1 ,0 7 4 .1 0 4 206
066 1 ,1 9 4 .106 137
068 1 ,305 .108 94
070 1 ,5 4 6 .1 1 0 34
072 1 ,7 1 4 .1 1 2 19
074 1 ,800 .1 1 4 0
T o t a l  3 0 , 0 1 0
FIGURE 21
C le a ra n c e s  o f  S im u la te d  Random Assembly o f Cones and Head S e c t io n s
2000i
1000-
500*
.005" 007" .009" .0 1 1 " .004" .006" .008" . 010"
(a )  A ll  P a r t s  (b )  A ccep ted  P a r t s
S o u rce : T a b le s  XIV and XV
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TABLE XVI
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Means and Ranges o f Samples
o f  Ten R o lle r  Race D iam eters o f  Head S e c t io n s ,
Machine 7624, Morning S h i f t ,  F ir s t  Sampling
(V alues are exp ressed  in  0 .0 0 0 1 H d e v ia t io n s  from nom inal d im ensions)
Sample Mean Range Sample Mean Range
1 11 .6 18 17 29 .2 34
2 1 4 .4 28 18 2 2 .4 32
3 7 .8 22 19 13 .8 24
4 24 .0 12 20 10 .2 22
5 6 .4 16 21 12 .2 18
6 7 .8 18 22 1 6 .4 30
7 6 .6 14 23 22 .2 22
8 29 .8 16 24 14 .8 16
9 20 .2 32 25 2 1 .4 24
10 22 .6 14 26 13 .6 30
11 16 .2 44 27 34 .8 30
12 18 .4 26 28 20 .6 38
13 14.8 16 29 2 9 .4 16
14 17 .4 36 30 18 .0 30
15 16 .0 32 31 1 8 .4 38
16 22 .6 38 T ota l 5 5 4 .0
554. 0 786
X -  — rr-
r-H11 .3 R -  ------— -  -  24.6
31 31
UCLx " X + A2R UCLr « d4b
-  17 .3  ♦ ( . 3 1 K 2 4 .6 ) -  (1 . 7 8 )(2 4 .6 )
-  17 .3  + 7 .6
-  24 .9
4 3 .8
LCLj? -  X - A2R
-  17 .3  - 7 .6
-  9 .7
LCL^ "  D jS
-  ( .2 2 ) ( 2 4 .6 )
-  5 .4
FIGURE 22
( . 0001") 
40
Mean Chart f o r  R o l l e r  R ace D ia m e te r s  o f  Head S e c t i o n s ,
M achine 7 6 2 4 ,  M orning S h i f t ,  F i r s t  S a m p lin g
30 -
20
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o O
10 - -
O o
o
o o
o
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20
~T~
25
■—r~ 
30
~r~
35 40 45
Subgroup Number
S o u r c e :  T a b le  XVI
FIGURE 23
( . 0001") 
80
Range C h art f o r  R o l l e r  R ace D ia m e te r s  o f  Head S e c t i o n s ,
M achine 7 6 2 4 ,  M orning S h i f t ,  F i r s t  S a m p lin g
60 *
40 -
x
X X
X X
X X
20  -
X X
X X
x
X X
—T“ 
10 15
—r~
20
—r" 
25
“ i—
30
—r-
35
“ T—
40 45
Subgroup Number
S o u r c e ;  T a b le  XVI
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TABLE XVII
Means and Ranges o f Samples
o f Ten R o ller  Race Diam eters o f  Head S e c t io n s ,
Machine 7624, Evening S h i f t ,  F ir s t  Sampling
(V alues are expressed  in  0.0001" d ev ia tio n s  from nominal dim ensions)
Sample Mean Range Sample Mean Range
1 6 .0 24 18 19.8 34
2 11.0 30 19 10.8 36
3 13.0 22 20 13.8 32
4 7 .8 18 21 16.6 18
5 6 .2 30 22 11 .4 20
6 15.2 38 23 6 .6 22
7 15.2 28 24 16.2 24
8 10 .4 28 25 22 .2 38
9 11.6 38 26 31 .8 16
10 19.2 32 27 17 .4 44
11 2 3 .4 24 28 15.6 16
12 25.0 34 29 21 .2 34
13 33 .2 54 30 2 8 .4 26
14 12.8 52 31 2 4 .4 24
15 23.8 36 32 21 .6 30
16 25 .2 32 33 14.6 36
17 7 .4 36 34
T otal
1 .4
560.2
26
1,6*2
=  .  560.2 a 16 ,4
1,032
0
34 34
» w
UCL^ r -  X + AjjR 
-  16 .4  + ( .3 1 ) (3 0 .0 )
UCI^ -  D4R
-  (1 .7 8 ) (3 0 .0 )
-  16 .4  + 9 .3 -  53. 4
-  25.7
LCL  ^ -  X -  A2R 
-  1 6 .4  -  9 .3
LCl^ -  D3R
-  ( .2 2 ) ( 3 0 .0 )
7 .1 6.6
FIGURE 24
Mean C h art f o r  R o l l e r  R ace D i a m e t e r s  o f  Head S e c t i o n s ,
M ach in e  7 6 2 4 ,  E v e n in g  S h i f t ,  F i r s t  S a m p lin g
( . 0001") 
40
30 ■
20
O LI tt-
10
c______ o________
o o
—r~ 
10 15
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20
--p-
25 30 35 4 0 45
Subgroup  Number
S o u r c e :  T a b l e  XVII
( . 0001") 
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FIGURE 25
Range C hart f o r  R o l l e r  R ace D ia m e te r s  o f  Head S e c t i o n s ,
M achine 7 6 2 4 ,  E v e n in g  S h i f t ,  F i r s t  S a m p lin g
60 -
40 - x x
x  X K x K
 *_________
20 -
K *
X
X X X
X X
0 +- —r ^
Subgroup Number
S o u r c e :  T a b le  XVII
138
TABLE XVIII
Means and Ranges o f Sam ples
o f  Ten R o lle r  Race D iam eters o f  Head S e c t io n s ,
Machine 7624, Morning S h i f t ,  Second Sampling
(V a lu e s  a r e  e x p r e s s e d  in  0 .0 0 0 1 ” d e v i a t i o n s  f ro m  n o m in a l d im e n s io n s )
Sam ple Mean Range S am ple Mean R ange
1 9 .6 32 14 1 6 .0 36
2 1 1 .2 26 15 1 7 .8 40
3 9 .4 28 16 2 0 .8 32
4 1 1 .8 32 17 2 3 .4 24
5 9 .8 30 18 1 6 .4 34
6 1 3 .2 26 19 1 1 .6 32
7 1 0 .0 34 20 1 4 .4 36
8 8 .4 30 21 2 0 .2 34
9 1 5 .4 30 22 2 2 .6 38
10 1 3 .2 24 23 1 6 .2 28
11 7 .6 24 24 1 8 .4 20
12 1 7 .4 34 25 1 6 .0 22
13 1 6 .4 32 T o t a l 3 6 7 .2 m
-  3 6 7 .2 758
R <■ «
25
A
25
U CL£ -  X + AgR
u c l r
-  d 4 r
-  1 3 .8  + ( .3 1 ) ( 3 0 .4 ) -  ( l .7 8 ) ( 3 0 .4 )
-  1 3 .8  + 9 .4 -  54 .1
-  24 .1
mm
LC Ljj -  X -  A2R LC L* "  d 3 r
-  13 .8  -  9 .4 -  ( .2 2 ) ( 3 0 .4 )
-  5 .3 -  6 .7
FIGURE 26
Mean C hart f o r  R o l l e r  R ace D ia m e te r s  o f  Head S e c t i o n s *
M achine 7 6 2 4 ,  M orning S h i f t *  S eco n d  S a m p lin g
(.0001")
40
30
20
10
0
15 25 305 20 35 450 4010
Subgroup Number
S o u r c e :  T a b le  X V III
FIGURE 27
Range C hart f o r  R o l l e r  R ace D ia m e t e r s  o f  Head S e c t i o n s ,
M ach in e  7 6 2 4 ,  M orning S h i f t ,  S eco n d  S a m p lin g
( . 0001") 
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S o u r c e :  T a b le  X V III
141
TABLE XIX
Means and Ranges o f Samples
o f Ten R o ller  Race Diam eters o f  Head S e c t io n s ,
Machine 7784, Morning S h i f t ,  F ir s t  Sampling
(V a lu es a r e  e x p re s s e d in  0.0001** d e v ia t io n s  from nom inal d im e n s io n s )
Sam ple Mean Range Sam ple Mean Range
I 3 2 .2 30 21 2 7 .0 36
2 2 5 .4 30 22 2 0 .4 30
3 3 2 .2 46 23 2 1 .0 26
4 2 1 .8 12 24 2 8 .8 30
5 1 1 .2 60 25 2 4 .4 36
6 3 1 .0 36 26 2 7 .8 26
7 1 9 .0 18 27 2 9 .6 20
8 2 8 .6 38 28 3 1 .6 40
9 2 2 .4 32 29 2 2 .0 50
10 1 8 .0 28 30 2 1 .8 34
11 2 6 .2 22 31 18 .6 28
12 1 8 .6 34 32 2 2 .4 20
13 2 9 .8 30 33 16 .2 40
14 2 7 .4 30 34 2 3 .8 60
15 2 4 .4 30 35 3 7 .0 10
16 9 .6 22 36 2 6 .8 20
17 2 0 .0 52 37 2 5 .8 28
18 2 1 .2 30 38 2 5 .8 30
19 2 1 .6 26 39 2 6 .4 26
20 2 8 .0 30 40 1 6 .8 10
T o ta l 9 6 2 .6 1 ,236
9 6 2 .6
X -  --------------  -  24 .1
40
1 .2 3 6
R  ----------------  -  3 0 .9
40
u c i £  -  X + A2R
-  2 4 .1  + ( , 3 i ) ( 3 0 . 9 )
-  2 4 .1  + 9 .6
-  3 3 .7
UCLR "  “ 4‘D.R 
-  (1 .7 8 ) (3 0 * 9 )
-  5 5 .0
LCLjf -  X -  A2R
-  2 4 .1  -  9 .6  
*  14 .5
LCI^ -  D3R
-  ( .2 2 X 3 0 .9 )
-  6.8
FIGURE 28
Mean C hart f o r  R o l l e r  R ace D ia m e te r s  o f  Head S e c t i o n s ,
M achin e  7 7 8 4 ,  M orn in g  S h i f t ,  F i r s t  S a m p lin g
( . 0 0 0 1 " )
40
30
20
10
0
0 5 10 15 20 25 3 0  35 40  45
Subgroup  Number
S o u r c e :  T a b l e  XIX
FIGURE 29
R ange C h a rt  f o r  R o l l e r  R ace  D ia m e t e r s  o f  Head S e c t i o n s ,
M ach in e  7 7 8 4 ,  M orning S h i f t ,  F i r s t  S a m p lin g
( .0 0 0 1 " )
80
60
40
20
0
0 5 15 20 2510 30 35 40 45
Subgroup  Number
S o u r c e :  T a b le  XIX
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TABLE XX
Means and Ranges o f  Samples
o f  Ten R o lle r  Race D iam eters o f  Head S e c t io n s ,
Machine 7784, Evening S h i f t ,  F ir s t  Sampling
(V a lu es  a r e  e x p re s s e d  i n  0 .0 0 0 1 "  d e v i a t i o n s  from  no m in a l d im e n s io n s )
Sam ple Mean Range Sam ple Mean Range
1 1 7 .4 16 24 2 2 .4 32
2 2 7 .0 26 25 2 8 .2 28
3 1 4 .8 30 26 2 3 .0 32
4 1 4 .8 36 27 2 7 .4 28
5 1 9 .2 24 28 2 1 .4 38
6 1 6 .6 30 29 3 2 .4 30
7 1 8 .8 30 30 2 2 .0 24
8 2 4 .0 28 31 2 4 .1 26
9 2 4 .0 38 32 2 6 .2 40
10 1 6 .6 34 33 1 6 .9 12
11 2 0 .6 50 34 1 4 .6 40
12 1 6 .6 38 35 2 8 .2 40
13 1 7 .8 28 36 1 7 .0 38
14 2 8 .0 52 37 2 7 .2 26
15 2 4 .2 14 38 3 1 .8 26
16 3 2 .2 26 39 2 6 .2 26
17 2 2 .8 28 40 3 4 .6 16
18 2 5 .2 12 41 3 2 .8 26
19 2 8 .4 20 42 2 3 .0 32
20 2 7 .2 30 43 2 2 .4 20
21 2 3 .6 28 44 2 3 .8 28
22 2 8 .2 32 45 2 4 .4 32
23 3 4 .4 24 T o ta l 1 ,0 7 2 .4 1 ,3 1 4
V  ta
1 ,0 7 2 .4 -  O O  « «•
1 ,314
45
JV *
45
UCLjj •  X + a 2r
•  2 3 .8  + ( .3 1 ) ( 2 9 .2 )
-  2 3 .8  + 9 .1
-  3 1 .9
uclr -  V
-  ( 1 .7 8 ) ( 2 9 .2 )
-  51 .9
LCLX
«* —
-  X -  a 2r
-  2 3 .8  -  9 .1
-  1 4 .7
lclr -  d3r
-  ( .2 2 ) ( 2 9 .2 )
-  6 .4
FIGURE 30
( . 0001") 
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Mean. C h art f o r  R o l l e r  R ace D ia m e te r s  o f  Head S e c t i o n s ,
M achine 7 7 8 4 ,  E v e n in g  S h i f t ,  F i r s t  S a m p lin g
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S o u r c e :  T a b le  XX
FIGURE 31
Range C h art f o r  R o l l e r  R ace D ia m e te r s  o f  Head S e c t i o n s ,
M achine 7 7 8 4 ,  E v e n in g  S h i f t ,  F i r s t  S a m p lin g
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80
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S o u r c e :  T a b le  XX
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TABLE XXI
Means and Ranges o f Samples
o f Ten R o lle r  Race D iam eters o f  Head S ec tio n s*
Machine 7784* Morning S h ift*  Second Sampling
(V a lu e s  a r e  e x p re s s e d  i n  0 .0 0 0 1 "  d e v i a t i o n s  fro m  n o m in a l d im e n s io n s )
Sam ple Mean Range Sam ple Mean Range
1 11 .6 40 21 2 5 .3 26
2 2 0 .4 28 22 1 9 .0 32
3 2 5 .6 32 23 2 7 .8 40
4 21 .8 30 24 1 7 .2 26
5 1 3 .8 24 25 1 8 .0 32
6 2 0 .6 32 26 15 .8 18
7 2 1 .4 40 27 2 0 .2 50
8 2 5 .0 30 28 2 3 .8 38
9 3 0 .8 50 29 1 8 .8 34
10 2 6 .2 26 30 1 3 .6 32
11 3 1 .8 70 31 1 6 .2 28
12 1 9 .8 32 32 1 1 .8 20
13 2 0 .2 30 33 8 .2 16
14 2 7 .4 40 34 18 .8 38
15 2 3 .8 40 35 13 .8 36
16 20 .6 38 36 2 2 .2 28
17 14 .8 40 37 2 2 .2 20
18 1 3 .6 30 38 2 4 .0 30
19 2 7 .8 40 39 2 5 .6 30
20 3 1 .4 30 T o ta l 8 1 0 .7 1 ,2 8 2
X -  -r-
8 1 0 .7  
— --------- -  2 0 .8 R "  —
1,282
-  3 2 .9
39
UCL£ -  X + a 2r
-  2 0 .8  + ( .3 1 X 3 2 .9 )
-  20 .8  + 10.2  
« 3 1 .0
LCLx -  X -  A2R
-  20 .8  -  10.2  
-  10.6
39
UCL* -  D4R
-  ( 1 .7 8 X 3 2 .9 )
-  5 8 .6
LCL^ ■ D3R
-  ( .2 2 ) ( 3 2 .9 )
-  7 .2
FIGURE 32
( .0 0 0 1 " )  
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Mean C h art f o r  R o l l e r  R ace D ia m e te r s  o f  Head S e c t i o n s ,
M achine  7 7 8 4 ,  M orning S h i f t ,  S econ d  S a m p lin g
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FIGURE 33
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Range C hart f o r  R o l l e r  R ace D ia m e te r s  o f  Head S e c t i o n s ,
M achine  7784, M orning S h i f t ,  S econ d  S a m p lin g
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S o u r c e :  T a b le  XXI
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TABLE XXII
Means and Ranges o f Samples
of Ten R o ller  Race Diam eters o f Head S e c t io n s ,
Machine 7877, Morning S h if t ,  F ir s t  Sampling
(V a lu es  a re  e x p re s s e d  in  0 .0 0 0 1 ,f d e v ia t io n s  from  nom inal d im e n s io n s )
Sam ple Mean Range Sam ple Mean R ange
1 2 4 .8 34 21 1 0 .0 30
2 2 2 .8 30 22 2 3 .6 22
3 2 7 .0 64 23 8 .8 18
4 2 0 .4 36 24 2 4 ,2 18
5 2 4 .0 36 25 2 9 .2 36
6 1 2 .0 28 26 2 6 .8 26
7 10 .6 34 27 2 1 .4 44
8 13 .8 34 28 2 0 .4 28
9 11 .6 26 29 1 9 .0 22
10 2 4 .0 30 30 2 2 .4 36
11 2 3 .6 26 31 2 6 .4 32
12 22 .8 24 32 2 3 .2 22
13 2 0 .0 24 33 2 1 .6 24
14 14 .0 32 34 2 1 .2 20
15 2 4 .0 38 35 2 8 .4 30
16 18 .8 28 36 2 5 .2 26
17 16 .8 32 37 2 8 .8 32
18 18 .0 22 38 1 6 .0 24
19 17 .2 22 39 2 2 .0 40
20 16 .0 26 40
T o ta l
2 2 .8
8 2 3 .6
24
1 ,1 8 0
x *
8 2 3 .6
70 6
1,180A *■
40
e A
40
J v i  V
U C L j - X + a 2r UCI^ •  D4R
■1 2 0 .6  + ( .3 1 ) ( 3 0 .0 ) -  (1 . 7 8 ) (3 0 .0 )
- 2 0 .6  + 9 .3 “  53. 4
- 29 .9
LCLX - x  -  a 2 r LCLj  ^ * D jR
ta 20 .6  -  9 .3 -  ( .2 2 ) ( 3 0 .0 )
- 11 .3 ■ 6 .6
FIGURE 34
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Mean C h a rt f o r  R o l l e r  R ace D ia m e te r s  o f  Head S e c t i o n s ,
M achine 7 7 8 7 ,  M orning S h i f t ,  F i r s t  S a m p lin g
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FIGURE 35
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Range Chart f o r  R o l l e r  R ace D ia m e te r s  o f  Head S e c t i o n s ,
M achine  7 7 8 7 ,  M orning S h i f t ,  F i r s t  S a m p lin g
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TABLE XXIII
Means and Ranges o f  Samples
o f  Ten R o lle r  Race D iam eters o f  Head S e c t io n s ,
Machine 7877, Evening S h i f t ,  F ir s t  Sampling
(Values are expressed  in  0.0001*' d e v ia t io n s  from nominal dim ensions)
Sample Mean Range Sample Mean Range
1 19.2 50 21 24 .8 32
2 22.8 36 22 22 .0 38
3 12.2 42 23 24 .0 36
4 19 .0 66 24 2 6 .0 30
5 23.8 32 25 2 7 .4 50
6 13.8 26 26 19.8 34
7 12.2 30 27 2 6 .2 30
8 2 0 .4 40 28 2 0 .2 32
9 3 6 .2 40 29 25 .2 44
10 2 5 .4 32 30 3 0 .2 18
11 2 5 .0 30 31 2 5 .0 30
12 20.2 40 32 27 .2 30
13 3 2 .0 50 33 15.8 40
14 2 7 .4 30 34 11 .4 36
15 20.5 22 35 10 .4 40
16 27 .0 22 36 19.0 38
17 22 .8 38 37 23 .6 40
18 21.9 42 38 14.6 36
19 21 .2 36 39 27 .8 40
20 20.0 32 40 19.2 24
T ota l 8 8 2 .8 1 ,434
-  8 8 2 .8 1 ,4 3 4
X - -  2 2 .1 B -  --------—  » 3 6 .0
40 40
UCL£ - x  a 2r UCLr -  d 4r
- 2 2 .1  + ( .3 1 ) ( 3 6 .0 ) -  (1 .7 8 > (3 6 .0 )
- 2 2 .1  + 1 1 .2 “  6 4 .1
m3 3 .3
L C I* « X -  a 2r LCLr -  d 3r
- 2 2 .1  -  1 1 .2 -  ( .2 2 X 3 6 .0 )
m 1 0 .9 -  8 .0
FIGURE 36
Mean C hart f o r  R o l l e r  Race D ia m e te r s  o f  Head S e c t i o n s ,
M ach in e  7 7 8 7 ,  E v e n in g  S h i f t ,  F i r s t  S a m p lin g
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Subgroup Number
S o u r c e :  T a b le  X X III
FIGURE 37
Range C hart f o r  R o l l e r  R ace  D ia m e te r s  o f  Head S e c t i o n s ,
M achine 7 7 8 7 ,  E v e n in g  S h i f t ,  F i r s t  S a m p lin g
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TABLE XXIV
Means and Ranges o f Samples
o f Ten R o ller  Race D iam eters o f Head S e c tio n s ,
Machine 7877, Morning S h if t ,  Second Sampling
(Values are expressed  in  0 .0001H d ev ia t io n s  from nominal dim ensions)
Sample Mean Range Sample Mean Range
1 20.2 34 16 22 .0 40
2 30 .0 50 17 13.0 28
3 25.8 20 18 19 .4 32
4 19.0 26 19 17.0 40
5 23 .4 30 20 14.4 36
6 15.0 34 21 20.6 36
7 14.0 40 22 25.0 36
8 23 .4 40 23 18.4 40
9 17.8 40 24 26.0 40
10 24 .4 44 25 19.0 40
11 23.0 40 26 15.6 36
12 11.8 22 27 14.2 30
13 13.0 22 28 12.6 40
14 12.6 20 29 12.8 32
15 19.8 20 30 20.8 38
Total 564.0 1,026
=  564.0 1,026
X -  -  18.8 R -  ------------  -  3 4 .2
30 30
UCL£ -  X + A2R UCLr -  D,R
-  18.8 + ( .3 1 X 3 4 .2 ) -  (1 .7 8 ) ( 3 4 .2 )
-  18.8 + 10.6 * 60*8
-  29 .4
LCL  ^ "  x -  a 2r LCLr -  D3R
» 18.8 -  10.6 » ( .2 2 X 3 4 .2 )
-  29 .4 -  7 .5
FIGURE 38
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FIGURE 39
Range C h art f o r  R o l l e r  R ace D ia m e t e r s  o f  Head S e c t i o n s ,
M achine  7 7 8 7 ,  M orning S h i f t ,  S eco n d  S a m p lin g
( . 0 0 0 1 " )
80
60
40
20
0
35 40 4530255 15 200 10
S o u r c e :  T a b le  XXIV
Subgroup Number
159
TABLE XXV
Means and Ranges o£ Samples
o f  Ten R o lle r  Race D iam eters o f  Head S e c t io n s ,
Machine 14124, Morning S h i f t ,  F ir s t  Sampling
(V a lu e s  a r e  e x p r e s s e d  in  0 .0 0 0 1 H d e v i a t i o n s  fro m  n o m in a l d im e n s io n s )
Sam ple Mean R ange Sam ple Mean R ange
1 1 5 .0 12 15 2 7 .6 22
2 1 4 .0 14 16 1 9 .0 20
3 7 .2 22 17 1 8 .6 14
4 1 3 .2 26 18 1 6 .0 24
5 2 7 .0 22 19 1 5 .4 18
6 1 9 .6 28 20 6 .6 14
7 1 3 .8 28 21 2 7 .4 40
8 1 1 .6 22 22 6 ,4 14
9 2 5 .4 22 23 7 .6 20
10 2 4 .0 14 24 1 7 .0 16
11 6 .4 14 25 1 8 .8 18
12 1 2 .6 22 26 2 8 .2 16
13 1 7 .6 32 27 1 3 .0 10
14 1 4 .6 20 28 1 4 .0 12
T o ta l 4 5 * . TSS
— 4 5 7 .6
« 16 .3
556
x  -  - R -  ------------  -  19 .9
28 28
UCLjf -  x  + a 2r UCLr -  d4r
-  16 .3 + ( . 3 1 ) ( 1 9 . 9 ) -  ( 1 .7 8 ) ( 1 9 .9 )
-  16 .3 + 6 .2 -  3 5 .4
-  2 2 .5
LC I^ -  £  -  a2r LCLr - D R3
-  16 .3 — 6 .2 -  ( . 2 2 ) ( 1 9 .9 )
- 1 0 . 1  -  4 . 4
FIGURE 40
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Mean C hart f o r  R o l l e r  R ace D ia m e te r s  o f  Head S e c t i o n s ,
M achine 1 4 1 2 4 ,  M orning S h i f t ,  F i r s t  S a m p lin g
30 -
20  -
o o
10
— i—
10
—(----------------------------1—
20 25
Subgroup Number
15 30 35
— r
40 45
S o u r c e :  T a b le  XXV
FIGURE 41
Range C h a rt  f o r  R o l l e r  R ace D ia m e te r s  o f  Head S e c t i o n s *
M achine  14124* M orning S h i f t *  F i r s t  S a m p lin g
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TABLE XXVI
Means and Ranges o f  Samples
of Ten Roller Race Diameters of Head S ection s,
Machine 14124, Evening S h if t ,  F irst Sampling
(V alues a re  ex p re ssed  in  0 .0 0 0 1 “ d e v ia t io n s  from  nominal d im ensions)
Sample Mean Range Sample Mean Range
1 20 .0 30 24 18.0 12
2 8 .4 20 25 12.4 20
3 24 .6 26 26 14.6 22
4 19.8 20 27 14.4 22
5 13.6 20 28 18.4 34
6 11.2 30 29 6 .0 26
7 14 .2 14 30 15.2 26
8 10.8 28 31 21 .4 14
9 15.6 8 32 12.8 22
10 22.2 36 33 23.0 48
11 21.8 16 34 26.4 28
12 16.6 22 35 19.2 22
13 9 .0 2 6 36 20.0 30
14 18.8 12 37 16.8 18
15 10.3 20 38 12.2 22
16 15.2 16 39 16.2 26
17 16.2 12 40 11.4 20
18 9 .2 30 41 15.2 20
19 16.8 22 42 13.9 10
20 17.6 22 43 15.4 10
21 27 .2 30 44 24.6 30
22 20 .2 30 45 23.1 24
23 18.8 32 T o ta l 748 .) 1,028
-  748.7 1,028
X “  — —  *» 16.6 R --------------  » 22.8
45 45
UCLjj “  X + A2R UCLr « d4r
-  16,6 + ( .3 1 )(2 2 .8 ) -  (1 ,78X 22 .8 )
* 16.6 + 7.1 -  40.6
-  23.7
LCLjr -  X -  A2R LCLjj “ D3R
■ 16.6 -  7.1 -  ( .2 2 X 2 2 .8 )
"  9.5 -  5.0
FIGURE 42
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FIGURE 43
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TABLE XXVII
Means and R a n g e s  o f  S a m p le s
o f  Ten R o l l e r  R a c e  D i a m e t e r s  o f  Head S e c t i o n s ,
M ach in e  1 4 1 2 4 ,  M orning  S h i f t ,  S e c o n d  S a m p lin g
(V a lu es  a r e  e x p re s s e d  in  0 .0 0 0 1 ” d e v i a t io n s  from  nom inal d im e n s io n s)
Sample Mean Range Sam ple Mean Range
1 14 .8 14 14 1 1 .6 18
2 15 .2 30 15 9 .8 20
3 15 .8 16 16 2 1 .2 20
4 14 .6 12 17 2 1 .4 30
5 16 .6 40 18 1 1 .0 38
6 2 3 .8 40 19 1 1 .2 34
7 10 .8 16 20 11 .0 30
8 2 1 .6 16 21 1 5 .2 40
9 2 2 .2 24 22 1 3 .6 24
10 3 0 .2 14 23 2 1 .2 20
11 2 3 .4 16 24 1 8 .8 18
12 1 1 .4 16 25 1 6 .4 30
13 13 .0 16 26 1 8 .0 22
T o ta l 4 3 3 .8 m
fl * • 8 612
X -  --------- 1 B O' .3 R "  -------—-  *  23 .7
26 26
UCLj -  X + a2r UCLr -  d4r
-  16 .3  + ( . 3 1 X 2 3 .7 ) -  ( 1 .7 8 X 2 3 .7 )
16 .3  + 7 .4  
23 .7
4 2 .2
LCLjf “  X -  A2R
-  16 .3  -  7 .4
-  8 .9
LCL^  -  D3R
-  ( .2 2 ) ( 2 3 .7 )
-  5 .2
FIGURE 4 4
Mean C h art f o r  R o l l e r  R ace  D ia m e t e r s  o f  Head S e c t i o n s ,
M ach in e  1 4 1 2 4 ,  M orning S h i f t ,  S eco n d  S a m p lin g
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FIGURE 45
Range C h art f o r  R o l l e r  R ace D ia m e te r s  o f  Head S e c t i o n s ,
M achine  1 4 1 2 4 ,  M orning  S h i f t ,  S eco n d  S a m p lin g
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TABLE XXV III
Means a n d  R a n g e s  o f  S a m p le s
o f  Ten R o l l e r  R a c e  D i a m e t e r s  o f  C o n e s ,
M a c h in e  8 0 5 3 ,  M orn in g  S h i f t ,  F i r s t  S a m p lin g
(V a lu e s  a r e  e x p re s s e d  in  0 .0 0 0 1 "  d e v i a t i o n s  fro m  nom inal d im e n s io n s )
Sam ple Mean R ange Sam ple Mean Range
1 1 0 .2 28 17 2 5 .8 34
2 2 5 .0 10 18 2 5 .6 14
3 2 6 .6 14 19 3 2 .6 14
4 3 6 .4 14 20 3 3 .8 18
5 3 3 .2 10 21 3 4 .6 22
6 2 8 .6 14 22 3 1 .0 24
7 2 7 .4 14 23 2 9 .0 16
8 2 8 .0 12 24 2 5 .6 20
9 2 4 .0 32 25 3 6 .4 28
10 3 3 .0 12 26 3 3 .4 30
11 2 9 .4 12 27 3 8 .8 12
12 3 3 .0 18 28 2 9 .0 16
13 3 0 .4 14 29 2 7 .4 14
14 2 6 .8 14 30 3 2 .8 16
15 3 4 .2 10 31 2 5 .2 30
16 2 7 .8 10 32 3 7 .8 20
T o ta l 9 5 2 .8 3 55
= 952.8 566
X -  ----------  -  29.8 R -  ----------  -  17.7
32 32
UCLj -  1 + A2R UCI^ -  d4*
-  29.8 + (,31)(17.7) -  (1 .78)07 .7 )
-  29.8 + 5.5 -  31.5
-  35.3
LCLjf -  X - AgR L C L r " DjR
-  29.8 -  5.5 -  (.22)(17.7)
-  24.3 -  3.9
FIGURE 46
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Range C h art f o r  R o l l e r  R a ce  D ia m e t e r s  o f  C o n e s ,
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TABLE XXIX
Means and Ranges o£ Samples
o£ Ten R o lle r  Race D iam eters o f  Cones,
Machine 8053, Evening S h i f t ,  F ir s t  Sampling
(V a lu e s  a r e  e x p re s s e d  in  0 ,0 0 0 1 "  d e v i a t i o n s  from  nom inal d im e n s io n s )
Sam ple Mean Range Sam ple Mean Range
1 3 3 .2 8 24 2 9 .4 16
2 2 5 .6 10 25 2 5 .4 10
3 2 6 .0 8 26 2 9 .4 10
4 2 6 .0 30 27 2 3 .4 24
5 3 0 .4 30 28 2 4 .6 26
6 1 9 .8 24 29 2 7 .0 8
7 2 4 .0 10 30 2 3 .2 40
8 3 6 .4 12 31 2 5 .6 20
9 2 4 .0 14 32 2 6 .0 20
10 3 0 .4 16 33 3 1 .8 12
11 2 5 .2 10 34 2 8 .6 14
12 2 2 .6 10 35 2 4 .6 36
13 2 8 .0 12 36 2 9 .8 18
14 2 0 .2 20 37 2 6 .2 16
15 2 9 .6 10 38 2 7 .0 14
16 3 4 .2 10 39 2 6 .6 14
17 3 1 .4 22 40 3 1 .8 12
18 19 .8 40 41 3 2 .0 10
19 2 9 .2 10 42 3 3 .0 8
20 2 9 .6 6 43 2 6 .2 10
21 2 8 .8 8 44 2 9 .6 14
22 2 4 .0 24 45 3 0 .0 20
23 2 5 .6 22 T o ta l 1 ,2 3 5 .2 738
V m 1.,2 3 5 .2 ■  ^7 /• & m  - 738
45
IV 4 V# *V
45
UCLX - x  + a2r UCI* -  d4r
as 2 7 .4  + ( .3 1 ) ( 1 6 .4 ) -  ( 1 .7 8 ) ( 1 6 .4 )
- 2 7 .4  + 5 .1 -  2 9 .2
m3 2 .5
LCLx
m
m
X -  A2R 
2 7 .4  -  5 .1
lclr ■ d3R
-  ( .2 2 ) ( 1 6 .4 )
m2 2 .3 -  3 .6
FIGURE 48
Mean C hart f o r  R o l l e r  R ace D ia m e t e r s  o f  C o n e s ,
M achine 8 0 5 3 ,  E v e n in g  S h i f t ,  F i r s t  Satqpling
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Range C hart f o r  R o l l e r  R ace D ia m e te r s  o f  C o n es ,
M achine  8 0 5 3 ,  E v e n in g  S h i f t ,  F i r s t  S a m p lin g
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TABLE XXX
Means and Ranges o f Samples
of Ten R o lle r  Race Diam eters o f  Cones,
Machine 8053, Morning S h i f t ,  Second Sampling
(V a lu es a r e  e x p re s s e d in  0.0001'* d e v i a t io n s  from nom inal d im e n s io n s )
Sam ple Mean Range Sam ple Mean Range
1 2 4 .0 28 24 3 5 .8 12
2 2 3 .8 14 25 2 4 .2 10
3 2 4 .0 54 26 2 6 .6 16
4 3 2 .4 30 27 2 1 .6 14
5 4 0 .0 20 28 2 5 .2 18
6 3 9 .0 20 29 2 5 .0 6
7 2 3 .0 42 30 2 4 .8 8
8 2 3 .8 16 31 2 5 .0 10
9 3 3 .8 50 32 3 1 .4 12
10 2 6 .0 10 33 2 5 .6 12
11 2 0 .0 4 34 2 6 .6 12
12 2 6 .2 10 35 3 0 .8 16
13 3 1 .8 6 36 2 6 .6 10
14 2 2 .2 38 37 1 7 .0 10
15 9 .0 20 38 1 7 .6 18
16 2 5 .8 6 39 2 4 .4 10
17 2 7 .4 10 40 3 0 .4 16
18 3 0 .6 26 41 3 1 .6 10
19 2 9 .0 8 42 3 7 .2 8
20 1 4 .6 26 43 3 6 .0 12
21 3 1 .6 20 44 3 7 .4 16
22 1 6 .0 14 45 3 3 .0 20
23 2 9 .8 14 T o ta l 1 ,2 1 7 .6 IZl
1 ,2 1 7 .6
45
-  2 7 .1
UCLjj ■ X + AjjR
« 2 7 .1  + ( .3 1 ) ( 1 6 .9 )
-  2 7 .1  + 5 .2
-  3 2 .3
R -
762
45
16 .9
uclr -  d4r
-  ( 1 .7 8 ) ( 1 6 .9 )
-  3 0 .1
LCL^ -  X -  A2R
-  2 7 .1  -  5 .2
-  2 1 .9
LCLr  -  d3r
-  ( .2 2 ) ( 1 6 .9 )
-  3 .7
FIGURE 50
Mean C h a rt  f o r  R o l l e r  R ace D ia m e te r s  o f  C o n e s ,
M achine 8 0 5 3 ,  M orning S h i f t ,  S eco n d  S a m p lin g
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FIGURE 51
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TABLE XXXI
Means and R a n g es  o f  S a m p le s
o f  T en  R o l l e r  R a c e  D ia m e t e r s  o f  C o n e s ,
M a ch in e  8 0 5 6 ,  M orning  S h i f t ,  F i r s t  S a m p lin g
(V a lu e s a r e  e x p re s s e d i n  0.0001'* d e v i a t io n s  from  n o m in a l d im e n s io n s )
Sam ple Mean Range Sam ple Mean Range
1 1 9 .4 40 14 2 3 .2 38
2 2 5 ,8 16 15 2 4 .4 44
3 2 0 .4 16 16 2 3 .4 12
4 2 1 .0 10 17 2 5 .6 12
5 2 5 .8 10 18 2 6 .2 26
6 2 8 .0 10 19 2,3.0 20
7 2 4 .8 16 20 2 3 .4 14
8 2 8 ,6 26 21 2 6 .6 14
9 2 3 .0 6 22 3 0 .2 12
10 2 5 .6 10 23 3 0 .0 16
11 2 3 .8 10 24 3 2 .4 12
12 2 2 .0 14 25 2 9 .9 18
13 2 5 .8 10 26 3 1 .2 16
T o ta l  6 6 3 .5 448
1363 .5 448
X -  —----------  -  25 .5 R -  — —-----  -  17 .2
26 26
UCLx - x + a 2r u c i*  -  d4ra 2 5 .5  + ( . 3 1 ) ( 1 7 .2 ) -  ( 1 .7 8 ) ( 1 7 .2 )
B* 2 5 .5  + 5. 3 -  3 0 .6
at 3 0 .8
LCL£ - X - LCL^ "  D^R
m 2 5 .5  -  5 . 3 -  ( .2 2 ) (1 7 * 2 )
m 2 0 .2 -  3 .8
FIGURE 52
Mean C hart f o r  R o l l e r  R ace D ia m e te r s  o f  C o n es ,
M achine  8 0 5 6 ,  M orning S h i f t ,  F i r s t  S a m p lin g
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FIGURE 53
Range C h a rt  f o r  R o l l e r  R ace  D ia m e t e r s  o f  C o n es ,
M ach in e  8 0 5 6 ,  M orning S h i f t ,  F i r s t  S a m p lin g
( . 0 0 0 1 " )
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TABLE XXXII
Means and Ranges o f  Samples
of Ten R o lle r  Race D iam eters o f Cones*
Machine 8056, Evening S h i f t ,  F ir s t  Sampling
(V a lu e s a r e  e x p re s s e d in  0 .0 0 0 1 " d e v i a t i o n s  from  n o m in a l d im e n s io n s )
Sam ple Mean Range Sam ple Mean Range
1 2 4 .2 14 16 1 4 .6 34
2 2 0 .6 20 17 2 4 .6 28
3 1 7 .8 14 18 3 7 .6 12
4 2 3 .6 12 19 3 3 .6 22
5 2 6 .6 18 20 2 9 .6 14
6 2 1 .6 10 21 2 8 .2 6
7 2 3 .6 18 22 3 3 .2 8
8 2 6 .6 8 23 3 1 .4 22
9 2 4 .6 6 24 2 3 .2 16
10 2 2 .4 14 25 2 4 .8 14
11 2 2 .4 6 26 2 2 .6 4
12 2 2 .6 16 27 2 3 .6 14
13 18 .6 12 28 2 2 .6 18
14 1 9 .8 18 29 3 1 .6 8
15 2 0 .2 22 30 3 5 .2 28
T o ta l 7 5 1 .6 455
=  7 5 1 .6 456
X -  -------------  « 2 5 .0 R -  ------------- -  1 5 .2
30 30
UCL^ “  x  + a 2r UCLr -  d4R
-  2 5 .0  ♦ ( .3 1 ) < 1 5 .2 ) -  ( 1 .7 8 ) ( 1 5 .2 )
-  2 5 .0  + 4 .7 “ 2 7 . 1
-  2 9 .7
LCL^ -  X -  a 2r
lclr "  d3r
-  2 5 .0  -  4 .7 -  ( .2 2 ) ( 1 5 .2 )
-  2 0 .3 -  3 .3
FIGURE 54
Mean C h art f o r  R o l l e r  R ace  D ia m e te r s  o f  C o n es ,
M ach in e 8 0 5 6 ,  E v e n in g  S h i f t ,  F i r s t  S a m p lin g
( . 0 0 0 1 * ' )
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FIGURE 55
R ange C h art f o r  R o l l e r  R ace D ia m e te r s  o f  C o n es ,
M ach in e 8 0 5 6 , E v e n in g  S h i f t ,  F i r s t  S a m p lin g
( . 0 0 0 1'»)
40 -
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TABLE XXXIII
Means and Ranges o f  Samples
o f Ten R o lle r  Race D iam eters o f  Cones*
Machine 8056, Morning S h i f t ,  Second Sampling
(V alues are exp ressed  in  O.OOOl1* d e v ia t io n s  from nominal d im ensions)
Sample Mean Range Sample Mean Range
1 24.2 28 24 17.8 16
2 30.0 4 25 28.4 34
3 28.4 6 26 30.4 26
4 26.8 10 27 22.2 18
5 23.2 10 28 23.6 18
6 29.2 4 29 30.6 10
7 28.0 12 30 21.6 18
8 27.8 6 31 26.8 38
9 28.8 14 32 28.4 6
10 30.4 12 33 30.0 4
11 35.8 26 34 32.2 10
12 23.2 12 35 35.8 10
13 23.2 24 36 35.2 8
14 26,2 10 37 27.0 12
15 21.0 12 38 26.8 18
16 24.4 12 39 36.8 16
17 24.0 12 40 33.0 10
18 24.6 8 41 31.2 4
19 22.8 10 42 25.4 22
20 22.2 20 43 20.6 28
21 27.6 6 44 16.6 18
22 25.4 16 45 27.0 14
23 23.8 10 T o ta l 1,208.4 <342
= 1,208.4 642x ---------- 26. 9 R -  ----------  -  14.3
45 45
UCL£ -  % ' UCI^  -  d4r
-  26,9 + ( . 31)(14.3) -  (1 .78 )04 .3 )
-  26.9 + 4. 4 -  25.5
-  31.3
LCLjj -  X * A^R LCLg -  D3R
* 26.9 - 4. 4 -  ( .2 2 )0 4 .3 )
-  22.5 -  3.1
FIGURE 56
Mean C h art f o r  R o l l e r  R ace D ia m e te r s  o f  C o n e s ,
M achine 8 0 5 6 ,  M orning S h i f t ,  S eco n d  S a m p lin g
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FIGURE 57
R ange C hart f o r  R o l l e r  R ace D ia m e te r s  o f  C o n es ,
M ach in e 8 0 5 6 ,  M orning S h i f t ,  S eco n d  S a m p lin g
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TABLE XXXIV
Means and Ranges o f  Samples
o f  Ten R o lle r  Race D iam eters of C ones,
Machine 8057, Morning S h i f t ,  F ir s t  Sampling
(V alues are exp ressed in  0 . 0001H d e v ia t io n s  from nominal d im ensions)
Sample Mean Range Sample Mean Range
1 27 .0 18 17 29 .6 38
2 38 .6 16 18 29 .6 24
3 21.0 10 19 30 .8 16
4 27 .8 10 20 32 .2 16
5 28 .6 14 21 32 .6 18
6 40 .2 16 22 28.8 14
7 2 7 .4 18 23 30 .2 20
8 23 .8 12 24 28 .0 10
9 2 5 .4 44 25 22.2 18
10 27 .8 20 26 24,6 16
11 33 .6 12 27 22.6 26
12 31 .0 14 28 27.2 46
13 31 .8 16 29 31 .4 14
14 34.8 16 30 23 .0 24
15 34 ,6 18 31 2 5 .4 24
16 31 .2 16 32 24 .2 24
Total 9 27 .0 S l8
-  927.0 618
X ---------------  29.0 R ** ----------  -  19.3
32 32
UCLjj -  X + A2R UCLr -  d 4 r
-  29.0 + (.31)(19.3) -  (1.78X19.3)
-  29.0 + 6.0 -  34.4
“ 35.0
LCLJ -  X - A2R LCLj! -  d 3 r
-  29.0 -  6.0 -  (.22)(19.3)
-  23.0 -  4.2
FIGURE 58
Mean C h art f o r  R o l l e r  R ace D ia m e te r s  o f  C o n e s ,
M achine 8 0 5 7 ,  M orning S h i f t ,  F i r s t  S a m p lin g
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TABLE XXXV
Means and Ranges o f  Samples
of Ten R o lle r  Race Diam eters o f  Cones,
Machine 8057, Evening S h i f t ,  F ir s t  Sampling
(V a lu e s a r e  e x p re s s e d i n  0 . 0 0 0 1 " d e v i a t io n s  from nom inal d im e n s io n s )
Sam ple Mean Range Sam ple Mean Range
1 2 3 .4 50 17 2 3 .4 8
2 3 1 .4 14 18 2 2 . 6 14
3 3 0 .2 1 0 19 2 1 . 8 2 2
4 3 2 .0 14 2 0 2 7 .0 1 2
5 3 0 .8 30 2 1 2 1 . 8 24
6 2 7 .6 1 0 2 2 3 0 .8 2 0
7 3 0 .4 14 23 8 .4 1 0
8 2 5 .4 8 24 15 .8 8
9 2 2 . 2 14 25 2 3 .0 1 6
1 0 2 2 . 6 18 26 3 0 .5 36
1 1 2 9 .8 1 6 27 3 8 .6 18
1 2 3 0 .6 8 28 3 8 .4 8
13 3 0 .8 18 29 3 9 .0 8
14 2 7 .4 8 30 3 7 .6 8
15 2 3 .8 24 31 3 1 .6 2 2
16 2 4 .0 1 0 32 3 8 .6 28
T o ta l 8 9 1 .3 IT S
-  8 9 1 .3 518
X ■» ------------  -  27.9 R " ------------  -  16.2
32 32
UCLx -  X + A2R uclr -  d4r
-  2 7 .9  + ( .3 1 X 1 6 .2 ) -  (1 .7 8 ) (1 6 .2 )
-  2 7 .9  + 5 .0 -  28 .8
-  3 2 .9
LCLx -  X -  A2R LCLr -  d3r
-  2 7 .9  -  5 .0 -  ( .2 2 X 1 6 .2 )
-  2 2 .9 -  3 .6
FIGURE 60
Mean C h art f o r  R o l l e r  R ace D ia m e te r s  o f  C o n e s ,
M achin e 8 0 5 7 ,  E v e n in g  S h i f t ,  F i r s t  S a m p lin g
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FIGURE 61
Range C h a rt f o r  R o l l e r  R ace D ia m e te r s  o f  C o n e s ,
M achine 8 0 5 7 , E v e n in g  S h i f t ,  F i r s t  S a m p lin g
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TABLE XXXVI
Means and Ranges of Samples
of Ten R o ller  Race Diameters o f Cones,
Machine 8057, Morning S h if t ,  Second Sampling
(Values are expressed  in  0*0001" d ev ia tio n s  from nominal dim ensions)
Sample Mean Range Sample Mean Range
1 23 .0 38 14 23 .6 24
2 35 .6 14 15 24 .0 12
3 28 .0 18 16 22.2 14
4 27 .2 24 17 31 .2 16
5 22.8 20 18 21 .4 20
6 20.8 18 19 34 .2 20
7 25.0 20 20 30 .8 14
8 15.6 16 21 26.8 22
9 26.0 22 22 30 .2 20
10 30.8 14 23 24.2 14
11 32 .6 16 24 26.0 18
12 35 .2 16 25 29 .4 24
13 36.0 14 Total 482 .6 458
_ 682 .6 468
X -  ----------- --- 27 .3 R -  -— ——  -  18.7
25 25
UCLx -  X + AjR uclr ■ D^ S
-  2 7 .3  + ( .3 1 X 1 8 .7 ) -  (1 .7 8 X 1 8 .7 )
-  2 7 .3  + 5 .8 -  3 3 .3
-  33 .1
LCL£ -  X -  A2R LCl^ -  D3R
-  2 7 .3  - 5 .8  -  ( .2 2 X 1 8 .7 )
-  2 1 .5  -  4 .1
FIGURE 62
Mean C hart f o r  R o l l e r  R ace D ia m e te r s  o f  C o n e s ,
M achine 8 0 5 7 ,  M orning S h i f t ,  S eco n d  S a m p lin g
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S o u r c e :  T a b le  XXXVI
FIGURE 63
R ange C h a rt f o r  R o l l e r  R ace D ia m e te r s  o f  C o n es ,
M ach in e 8 0 5 7 , M orning S h i f t ,  S econ d  S a m p lin g
( .0 0 0 1 " )
80
60
40
20
0
40
Subgroup  Number
S o u r c e :  T a b le  XXXVI
195
TABLE XXXVII
Means and Ranges o f Samples
o f Ten R o lle r  Race D iam eters o f  Cones,
Machine 8093, Morning S h if t ,  F ir s t  Sampling
(V a lu e s  a r e  e x p r e s s e d  in  0.0001** d e v i a t i o n s  fro m  n o m in a l d im e n s io n s )
Sam ple Mean Range Sam ple Mean R ange
1 1 8 .8 2 0 24 2 9 .6 14
2 2 2 .4 8 25 2 9 .4 14
3 2 1 . 8 8 26 2 2 . 2 18
4 2 0 .4 16 27 1 7 .8 1 2
5 2 9 .6 18 28 2 2 . 2 18
6 1 2 . 8 18 29 2 3 .2 18
7 2 0 . 8 8 30 2 8 .8 2 0
8 1 9 .8 8 31 2 6 .8 14
9 1 9 .0 1 2 32 2 4 .8 14
1 0 1 6 .8 1 0 33 2 6 . 2 14
1 1 2 1 . 0 1 2 34 2 5 .2 1 2
1 2 1 0 . 6 14 35 2 7 .4 16
13 1 5 .2 1 0 36 2 4 .4 1 0
14 1 8 .0 8 37 2 1 . 8 18
15 2 2 . 1 2 0 38 2 6 . 0 18
16 2 4 .0 14 39 2 3 .8 14
17 1 9 .2 14 40 3 0 .2 34
18 2 7 .4 24 41 2 6 .0 18
19 3 1 .6 1 0 42 2 7 .2 18
2 0 3 1 .6 1 0 43 2 3 .8 14
2 1 2 5 .4 1 2 44 2 9 .6 16
2 2 2 8 .4 1 2 45 2 7 .2 1 2
23 2 3 .4 14 T o ta l 1 ,0 ^ 3 .7 356
I,,0 6 3 .7
D M
656 _ * /  <
A  ■
45 '  23'6 K “  " 45 1 4 * 6
UCI* mX + a 2r UCLr -  d4r
- 2 3 .6  + ( ,3 1 ) ( 1 4 .6 ) -  ( 1 .7 8 ) ( 1 4 .6 )
m2 3 .6  + 4 .5 -  3 0 .0
- 2 8 .1
LCLj£ - X -  a 2r LCLr -  D-jR
SB 2 3 .6  -  4 .5 -  ( .2 2 ) ( 1 4 .6 )
m19 .1 -  3 .2
FIGURE 64
Mean C h art f o r  R o l l e r  R ace D ia m e te r s  o f  C o n es ,
M ach in e 8 0 9 3 ,  M orning S h i f t ,  F i r s t  S a m p lin g
( . 0001'*) 
40
30 ■
o  o
O o
o  ©
-Q______ a .
o  0
jQ_
0  o
20  - o  o
10 -
T “
5
“i—
10
- 1-
15
—r~
20 I S  45"
»
25 30 45
Subgroup  Number
S o u r c e :  T a b le  XXXVII
FIGURE 65
R ange C h a rt f o r  R o l l e r  R ace  D ia m e te r s  o f  C o n es ,
M achin e 8 0 9 3 , M orning S h i f t ,  F i r s t  S a m p lin g
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TABLE XXXVIII
Means and Ranges o f  Sandies
o f Ten R o lle r  Race Diam eters o f  C ones,
Machine 8093, Evening S h i f t ,  F ir s t  Sampling
(V a lu e s  a r e  e x p re s s e d  in  0 .0 0 0 1 "  d e v i a t i o n s  from  n o m in a l d im e n s io n s )
Sam ple Mean Range Sam ple Mean R ange
1 3 1 .8 28 24 2 6 .8 8
2 3 4 .2 1 0 25 2 9 .6 16
3 2 4 .0 6 26 2 3 .4 8
4 2 1 . 8 8 27 2 9 .2 14
5 2 2 . 8 8 28 2 6 .2 8
6 2 3 .4 8 29 2 1 .4 8
7 2 1 . 2 16 30 2 3 .8 18
8 2 6 .2 1 0 31 2 9 .0 16
9 1 9 .4 16 32 3 1 .0 6
1 0 2 1 . 8 4 33 2 8 .8 6
1 1 2 0 . 2 14 34 2 8 .8 6
1 2 2 2 . 6 6 35 2 1 .5 6
13 2 1 .4 8 36 2 3 .2 1 2
14 2 2 . 2 14 37 2 3 .2 6
15 2 1 .4 1 0 38 3 0 .0 4
16 2 2 . 8 1 0 39 2 7 .8 1 0
17 2 8 .6 14 40 2 9 .6 6
18 2 8 .0 1 6 41 3 5 .0 8
19 2 3 .0 8 42 3 5 .4 1 0
2 0 2 8 .2 1 0 43 2 5 .6 8
2 1 2 7 .8 8 44 3 1 .2 6
2 2 2 7 .2 6 45 2 8 .4 4
23 2 8 .2 24 T o ta l I , 1 ^ 7 .1 455
V ■ li,1 7 7 .1 456 _ 1 ft 1
45 * 26,2
K " ■
45 10,1
UCLjj - X + A2R UCLr -  d4s
- 2 6 .2  + ( .3 1 ) ( 1 0 .1 ) -  (1 .7 8 X 1 0 .1 )
- 2 6 .2  + 3 .1 -  18 .0
m 29 .3
LCLjr - X -  a 2r LCLr ■ D3R
m2 6 .2  -  3 ,1 -  ( .2 2 X 1 0 .1 )
m23.1 -  2 .2
FIGURE 66
Mean C h art f o r  R o l l e r  R ace D ia m e te r s  o f  C ones
M achine 8 0 9 3 ,  E v e n in g  S h i f t ,  F i r s t  S a m p lin g
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FIGURE 67
R ange C h art f o r  R o l l e r  R ace  D ia m e te r s  o f  C o n e s ,
M achine 8 0 9 3 ,  E v e n in g  S h i f t ,  F i r s t  S a m p lin g
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TABLE XXXIX
Means and Ranges o f  Samples
o f  Ten R o lle r  Race D iam eters o f  Cones,
Machine 8093 , Horning S h i f t ,  Second Sampling
(V a lu e s a r e  e x p re s s e d i n  0 . 0 0 0 1 ** d e v i a t i o n s  fro m nom inal d im e n s io n s )
Sam ple Mean Range Sam ple Mean Range
1 2 8 .8 24 2 0 3 0 .8 8
2 2 8 .8 6 2 1 2 7 .2 6
3 3 0 .0 14 2 2 2 9 .0 1 2
4 3 2 .6 2 0 23 2 8 . 0 1 0
5 3 1 .2 4 24 3 0 .0 1 0
6 2 3 .6 18 25 2 5 .4 1 0
7 3 0 .0 30 26 2 6 . 6 1 0
8 2 9 .2 16 27 3 0 .4 8
9 2 2 . 2 1 2 28 1 6 . 6 2 2
1 0 2 7 .6 1 2 29 2 1 .4 1 0
1 1 1 9 .4 2 0 30 3 1 .0 8
1 2 2 1 .4 14 31 1 9 .0 2 0
13 2 3 .8 6 32 3 0 .4 4
14 2 8 .4 2 2 33 3 1 .0 8
15 2 4 .2 1 0 34 3 0 .8 16
16 2 6 . 6 1 2 35 3 1 .8 1 0
17 2 8 .0 8 36 3 4 .4 1 0
18 2 8 .4 8 37 3 7 .6 6
19 3 0 .0 18 T o ta l 1 ,0 2 4 .6 432
=  1 ,0 2 5 .6  _  462
X -   r=   2 7 .7  R -     -  1 2 .537 3 7
U C Ly -  X +  A2R UCLg -  D^R
-  2 7 .7  ♦ ( , 3 1 ) ( 1 2 .5 )  -  ( 1 .7 8 ) ( 1 2 .5 )
-  2 7 .7  + 3 .8  -  2 2 .3
-  3 1 .5
LCLx “ X -  A2R LCI^  -  D3R
-  2 7 .7  -  3 .8  -  ( .2 2 X 1 2 .5 )
-  2 3 .9  -  2 . 8
FIGURE 68
Mean C h art f o r  R o l l e r  R ace  D ia m e te r s  o f  C o n es ,
M ach in e 8 0 9 3 ,  M orning S h i f t ,  S eco n d  S a m p lin g
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FIGURE 69
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TABLE XL
Means an d  R a n g es o f  Sanqples
o f  T en  R o l l e r  R a c e  D ia m e te r s  o f  C o n e s ,
M a ch in e  8 0 5 3 , M o r n in g  S h i f t ,  T h ir d  S a m p lin g
(V a lu e s  a r e  e x p re s s e d  in  0*0001" d e v ia t io n s  from  n o m in a l d im e n s io n s )
Sam ple Mean Range Sam ple Mean Range
1 19 .8 6 14 1 9 .6 6
2 1 9 .6 1 0 15 1 9 .6 4
3 1 9 .0 1 2 16 1 9 .0 8
4 1 9 .6 2 2 17 2 0 . 0 6
5 1 9 .6 2 2 18 1 9 .6 4
6 2 1 . 0 8 19 1 9 .6 1 0
7 2 0 . 0 1 2 2 0 2 0 .4 6
8 1 7 .8 8 2 1 1 9 .8 4
9 2 0 . 0 1 2 2 2 1 9 .4 8
1 0 1 9 .8 8 23 1 9 .8 1 0
1 1 2 0 . 2 1 2 24 1 9 .8 1 2
1 2 1 9 .4 14 25 1 9 .6 8
13 1 9 .4 1 2 T o ta l 4 9 1 .4 235
=  4 9 1 .4 236
X -  ------------ ---  19 .7 R -  -— TZ—  -  9 .325 25
—
UCLjjr -  X + A2R U C L r -  D.R4
-  19 .7  + ( .3 1 X 9 .3 ) -  ( 1 .7 8 ) ( 9 .3 )
-  1 9 .7  + 2 .8 -  1 6 .6
-  2 2 .5
LCL^ -  X -  A2R lclr -  d3r
-  19 .7  2 .8 -  ( .2 2 X 9 .3 )
-  16 .9 -  2 . 0
FIGURE 70
Mean C h art f o r  R o l l e r  R ace D ia m e te r s  o f  C o n es ,
M ach in e 8 0 5 3 , M orning S h i f t ,  T h ir d  S a m p lin g
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FIGURE 71
R ange C h art f o r  R o l l e r  R ace D ia m e te r s  o f  C o n e s ,
M ach in e 8 0 5 3 ,  M orning S h i f t ,  T h ir d  S a m p lin g
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TABLE XLI
Means and  R anges o f  Sam ples 
o f  T en  R o l l e r  R ace D ia m e te rs  o f  C ones,
(V a lu e s
M achine 8 0 3 6 , M orning  S h i f t ,  T h ird  S am pling  
a r e  e x p re s s e d  i n  0 . 0 0 0 1 °  d e v i a t i o n s  from  n o m in a l d im e n s io n s )
Sam ple Mean Range Sam>le Mean R ange
1 2 2 . 8 14 14 2 0 . 2 4
2 2 2 . 6 8 15 2 1 . 6 1 2
3 2 2 .4 1 2 1 6 2 1 .4 6
4 1 9 .8 14 17 2 1 . 2 8
5 2 0 . 2 14 18 2 0 . 2 4
6 1 9 .0 16 19 2 0 . 6 6
7 2 1 . 2 6 2 0 2 1 .4 14
8 2 0 . 2 4 2 1 2 0 . 8 6
9 2 1 . 6 6 2 2 2 0 . 8 6
1 0 1 8 .8 18 23 2 1 . 0 8
1 1 2 2 . 2 14 24 2 0 . 8 1 0
1 2 2 0 . 8 4 25 2 0 . 8 1 0
13 1 9 .2 6 T o ta l 5 2 1 .6 218
SS 5 2 1 .6 ; 218
X -  ------------- -  2 0 .9 R -  ------------- -  8 .7
25 25
UCLx »  X + A2R uclr -  d4R
-  2 0 .9  + ( . 3 1 ) ( 8 . 7 ) -  ( 1 .7 8 X 8 .7 )
-  2 0 .9  + 2 .7 -  1 5 .5
-  2 3 .6
LCLj£ “  X " A2 R LCLr -  d3r
-  2 0 .9  -  2 .7 -  ( .2 2 X 8 .7 )
-  1 8 .2 -  1 .9
FIGURE 72
Mean C h art f o r  R o l l e r  R ace  D ia m e te r s  o f  C o n es ,
M ach in e 8 0 5 6 , M orning S h i f t ,  T h ir d  S a m p lin g
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FIGURE 73
Range Chart fo r  R o ller  Race Diameters o f Cones,
Machine 8056, Morning S h if t ,  Third Sampling
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TABLE XLII
Means and Ranges o f  Samples
o f Ten R o ller  Race D iam eters o f Cones*
Machine 8057, Morning S h if t ,  Third Sampling
(Values are  expressed  in  0 .0001M d e v ia tio n s  from nominal dim ensions)
Sanq>le Mean Range Sample Mean Range
1 23 .4 14 14 20.6 4
2 18.8 22 15 20.0 6
3 19.6 6 16 20.6 22
4 20.8 6 17 21.2 6
5 20.8 4 18 19.8 10
6 21.8 10 19 20.8 4
7 22.0 6 20 19.0 14
8 21.2 8 21 20.2 4
9 22.0 12 22 2 0 .4 6
10 19.6 14 23 20.0 2
11 20.8 6 24 20.8 6
12 19.0 12 25 20.2 4
13 19.2 10 T otal 512.2 222
=  512.2 222
X  -  ------ - ------  »  20.5 R -  ------ — —  -  8.925 25
UCLjj -  X + A2R UCLfc »  D4R
-  20.5 + (.31X8.9) -  (1.78)(8.9)
■ 20.5 + 2.8 -  15.7
-  23.3
— warn
LCLJ -  X -  A2R LCI^ -  D3R
»  20.5 -  2.8 -  (.22X8.9)
-  17.7 -  1.9
FIGURE 74
Mean Chart fo r  R o ller  Race Diameters o f Cones,
Machine 8057, Morning S h if t ,  Third Sampling
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FIGURE 75
Range Chart fo r  R o ller  Race Diameters of Cones,
Machine 8057, Morning S h i f t ,  Third Sampling
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TABLE X L III
M eans and R a n g es  o f  S a m p le s
o f  T en  R o l l e r  R a c e  D ia m e te r s  o f  C o n e s ,
M ach in e 3 0 9 3 ,  M o rn in g  S h i f t ,  T h ir d  S a m p lin g
(V a lu es  a r e  e x p r e s s e d  i n  0 .0 0 0 1 "  d e v i a t i o n s  from  nom ina l  d im e n s io n s )
Sample Mean Range Sample Mean Range
1 2 2 . 0 1 0 14 2 0 . 0 2
2 18 .6 1 0 15 2 0 . 8 6
3 18.0 1 2 16 2 0 . 2 4
4 19 .8 1 2 17 2 0 .4 6
5 19 .2 14 18 2 2 . 2 8
6 2 1 .4 8 19 2 0 . 2 4
7 2 0 . 0 18 2 0 2 0 . 6 4
8 2 0 . 8 6 2 1 1 9 .4 14
9 19.8 1 0 2 2 2 0 .4 4
1 0 2 0 . 8 4 23 2 0 . 6 8
1 1 19 .0 14 24 2 0 . 2 4
1 2 2 0 . 2 4 25 2 0 . 6 8
13 2 0 .4 6 T o t a l 5 1 5 .6 195
-  5 1 5 .6 196
X -  ------------- -  2 0 .6 R -  ------- :—  -  7 .8
25 25
UCl£ * x  + a 2r UCLr -  d4r
-  2 0 .6  + ( . 3 1 X 7 . 8 ) -  ( 1 . 7 8 ) ( 7 . 8 )
-  2 0 .6  + 2 .4 -  1 3 .8
-  2 3 .0
LCLj -  X -  A2R LCLr ■ D3 R
-  2 0 .6  -  2 .4 -  ( . 2 2 X 7 . 8 )
-  1 8 .2 -  1 .7
FIGURE 76
Mean C h a rt f o r  R o l l e r  R ace D ia m e te r s  o f  C o n es ,
M ach in e 8 0 9 3 ,  M orn in g S h i f t ,  T h ir d  S a m p lin g
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FIGURE 77
Range C h art f o r  R o l l e r  R ace D ia m e te r s  o f  C o n e s ,
M ach in e 8 0 9 3 , M orning S h i f t ,  T h ir d  S a m p lin g
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TABLE XLIV
Summary o f  D ata  from  C o n tro l  C h a r t s  
f o r  Means and Ranges f o r  Head S e c t io n s
A verages Ranges
Machine Humber 7624 7784 7877 14124 7624 7784 7877 14124
F i r s t  Sam pling 
M orning S h i f t  
Humber o f  
Samples
A verage Mean 
o r  Range
P o i n t s  Out 
o f  C o n tro l
Humber o f  
Runs
F i r s t  Sam pling 
E ven ing  S h i f t  
Number o f  
Samples
A verage Mean 
o r  Range
P o i n t s  Out 
o f  C o n tro l
Humber o f  
Runs
31
17 .3
8
0
34
16 .4
7
1
40
24 .1
3
0
45
23 .8
4
0
40
20.6
3
2
40
22 . 1
2
0
28
16.3
13
0
45
16 .6
8
1
31
24 .6
0
0
34
3 0 .0
0
1
40
3 0 .9
2
0
45
29 .2
1
1
40
3 0 .0
1
0
40
3 6 .0
1
1
28
19.9
1
1
45
22.8
1
0
TABLE XLIV (C o n tin u e d )
A verages  Ranges
Machine Number 7624 7784 7877 14124 7624 7784 7877 14124
Second S a i l i n g  
M orning S h i f t  
Number o f  
Samples 25 39 30 26 25 39 30 26
A verage  Mean 
o r  Range 13 .8 2 0 . 8 18.8 16 .3 3 0 .4 32 .9 3 4 .2 23.7
P o i n t s  Out 
o f  C o n tro l 0 3 1 1 0 1 0 0
Number o f
Runs 1 0 0 0 0 0 1 1
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TABLE XLV
Summary o f  D ata  from  C o n tro l  C h a r t s  
f o r  Means and Ranges f o r  Cones
A verages  Ranges
M achine Number 8053 8056 8057 8093 8053 8056 8057 8093
F i r s t  S a i l i n g  
M orning S h i f t  
Number o f
Sanqples 32 26 32 45 32 26 32 45
A verage Mean 
o r  Range 29 .8 25 .5 29 .0 2 3 .6 17.7 17 .2 1 9 .3 1 4 .6
P o i n t s  Out
o f  C o n tro l 6 4 5 14 2 3 3 1
Number o f  
Runs 0 2 1 3 I 1 2 2
F i r s t  Sam pling  
E vening  S h i f t  
Number o f
Samples 45 30 32 45 45 30 32 45
A verage Mean 
o r  Range 2 7 .4 25 .0 27 .9 2 6 .2 1 6 .4 15 ,2 1 6 .2 1 0 . 1
P o i n t s  Out
o f  C o n tro l 6 1 1 13 2 0 5 3 4 3
Number o f
Runs 0 1 2 3 2 0 0 1 218
TABLE XLV (Continued)
Averages Ranges
Machine Number 8053 8056 8057 8093 8053 8056 8057 8093
Second Sampling 
Morning S h ift  
Number o f  
Samples 45 45 25 37 45 45 25 37
Average Mean 
or Range 27.1 26.9 27.3 27.7 16.9 14.3 18.7 12.5
P o in ts  Out 
o f Control 14 14 7 10 4 5 1 2
Number o f  
Runs 1 2 0 2 1 2 0 1
Third Sampling 
Morning S h ift  
Number o f  
Samples 25 25 25 25 25 25 25 25
Average Mean 
or Range 19.7 20.9 20.5 2 0 .6 9 .3 8 .6 8 .9 7 .8
P o in ts  Out 
of Control 0 0 1 0 2 2 3 3
Number o f  
Runs 0 0 0 1 0 0 0 1
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TABLE XLVI
R a t io s  o f  A verage  R anges  o f  Sampled Groups 
o f  Head S e c t i o n s  and Cones
M achine
Number
( R l / d 2 ) 2
(R2 / d 2 ) 2
D egrees o f  
Freedom
n l  n 2
R a t io  a t  
5% L eve l
B u l l a r d  M i l l s
7624 1 .38 223 186 1.31
7784 1.13 283 365 1 . 2 0
7877 1 . 0 2 216 365 1 . 2 1
14124 1 .4 2 186 2 0 1 1.29
8053 1 .1 4
Cone G r in d e r s  
238 358 1 . 2 0
8056 1 .55 194 335 1 . 2 2
8057 1.07 238 186 1.28
8093 1 .40 335 283 1 . 2 0
8053
(R2 / d 2 ) 2
(R 3 /d 2) 2
1 .92 358 186 1 . 2 2
8056 1.78 335 186 1 . 2 2
8057 2 .3 4 186 186 1 .30
8093 1 .9 6 283 186 1.28
CHAPTER VI
SUMMARY AND CONCLUSIONS 
The c o n c e p t  o f  q u a l i t y  a s  u s e d  in  m o d e m  m a n u fa c tu r in g  had  i t s  
b e g in n in g  w i th  m a n 's  f i r s t  c ru d e  a t t e m p t s  a t  m a n u a l ly  d u p l i c a t i n g  
o b j e c t s .  V a r i a t i o n  i n  p r o d u c t  q u a l i t y ,  i . e . ,  t h e  d e g re e  t o  w hich  
d u p l i c a t e d  o b j e c t s  f a i l  t o  con fo rm  e x a c t l y  t o  t h e  c h a r a c t e r i s t i c s  o f  
t h e  o r i g i n a l  o b j e c t ,  was p r e s e n t  i n  t h e  f i r s t  a t t e m p t s  a t  d u p l i c a t i o n  
and  th e  same i s  t r u e  in  m odern  p r o d u c t i v e  p r o c e s s e s *  V a r i a t i o n ,  t h e n ,  
i s  an  i n t r i n s i c  q u a l i t y  o f  d u p l i c a t i v e  p r o c e s s e s  and  some d e g r e e  o f  
v a r i a t i o n  among " i d e n t i c a l "  o b j e c t s  w i l l  a lw ay s  be p r e s e n t*  Q u a l i ty  
i s  a  r e l a t i v e  m easu re  and a c c e p t a b l e  q u a l i t y  c a n  b e  d e te r m in e d  in  one 
o f  two ways. F i r s t ,  p r o d u c t  q u a l i t y  can  be  m e asu re d  i n  te rm s  o f  
random  v a r i a t i o n  o f  a p r o c e s s .  S eco n d ,  p r o d u c t  q u a l i t y  c a n  be m easured  
r e l a t i v e  to  some s t a n d a r d  o r  s t a n d a r d s  ch o sen  in d e p e n d e n t l y  o f  th e  
random  v a r i a t i o n  p a t t e r n  o f  t h e  p r o c e s s .  I d e a l l y ,  s t a n d a r d s  o f  q u a l i t y  
a r e  s e t  i n  v ie w  o f  th e  v a r i a t i o n  o f  t h e  p r o c e s s  and  a r e  w i t h i n  th e  
l i m i t s  imposed by d e s ig n  c o n s i d e r a t i o n s  o r  o t h e r  f a c t o r s .
The developm ent o f  t h e  c o n c e p t s  o f  s t a t i s t i c a l  q u a l i t y  c o n t r o l  
p a r a l l e l s  t h e  deve lopm en t o f  i n d u s t r i a l  p r o c e s s e s .  The f i r s t  m e a su r in g  
d e v i c e s  w ere made f o r  u s e  i n  t h e  p r o d u c t i o n  o f  i n t e r c h a n g e a b l e  p a r t s .  
T o l e r a n c e  l i m i t s  were d e v e lo p e d  a s  m ass  p r o d u c t i o n  was c o n c e iv e d .  As 
m o d e m  te c h n o lo g y  employed t h e  s c i e n t i f i c  m ethod t o  a  g r e a t e r  d e g re e ,  
s t a t i s t i c a l  la w s  were m erged  w i th  q u a l i t y  c o n s i d e r a t i o n s  t o  p r o v id e
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a n a l y t i c a l  t o o l s  f o r  c o n t r o l l i n g  q u a l i f y .  F o l lo w in g  S h e w h a r t ' s  
d eve lopm en t o f  s t a t i s t i c a l  c o n t r o l  c h a r t s ,  q u a l i t y  c o n t r o l  fo u n d  
i n c r e a s i n g  a p p l i c a t i o n  i n  t h e  b u s i n e s s  w o r ld .  F i r s t ,  t h e  t e c h n i q u e s  
w ere  u t i l i z e d  i n  a c c e p ta n c e  o f  goods p ro d u c e d  f o r  t h e  m i l i t a r y ,  and 
w i th  t h e  a d v e n t  o f  World War I I  t h e  u s e  o f  q u a l i t y  c o n t r o l  t e c h n iq u e s  
expanded  r a p i d l y .
In  t h e  p o s tw a r  p e r i o d  s t a t i s t i c a l  q u a l i t y  c o n t r o l  t e c h n iq u e s  
found  more d i v e r s e  a p p l i c a t i o n  i n  a r e a s  o f  b u s i n e s s  a c t i v i t y  a s  t h e  
s c i e n t i f i c  m e th o d ,  e . g . ,  o p e r a t i o n s  r e s e a r c h ,  was m ore i n t e n s i v e l y  
u s e d  i n  b u s i n e s s .  D e s p i t e  t h e  many o b v io u s  a d v a n ta g e s  a f f o r d e d  by th e  
u s e  o f  s t a t i s t i c a l  q u a l i t y  c o n t r o l ,  many b u s i n e s s  and n o n b u s in e s s  
o r g a n i z a t i o n s  e i t h e r  f a i l  t o  u s e  t h e  t e c h n i q u e s  o r  m e re ly  g iv e  l i p -  
s e r v i c e  t o  t h e i r  u s e .  The g e n e r a l  l a c k  o f  a p p r e c i a t i o n  o f  b a s i c  
s t a t i s t i c a l  law s  on th e  p a r t  o f  management and  t h e  f a v o r a b l e  p r o f i t  
p i c t u r e  o f  many f i r m s  a c c o u n t s  f o r  much o f  t h e  l a c k  o f  u s e  o f  t h e  
t e c h n i q u e s .  On t h e  o t h e r  h a n d ,  i n d u s t r i a l  s t a t i s t i c i a n s  have a l s o  
f a i l e d  t o  a c h ie v e  g r e a t e r  u s e  o f  s t a t i s t i c a l  t e c h n iq u e s  th ro u g h  t h e i r  
own l a c k  o f  know ledge o f  human r e l a t i o n s .
S t a t i s t i c a l  q u a l i t y  c o n t r o l  p r o v i d e s  q u a n t i t a t i v e  i n f o r m a t io n  
w hich  c a n  a s s i s t  management in  m aking  more r e a l i s t i c  d e c i s i o n s  i n  t h e  
p e r fo rm a n c e  o f  t h e  b a s i c  m a n a g e r ia l  f u n c t i o n s .  I n  o r d e r  t o  a v a i l  them­
s e l v e s  o f  t h i s  q u a n t i t a t i v e  i n f o r m a t i o n  f o r  d e c i s i o n s ,  m anagers  m ust 
p r o v id e  th e  p r o p e r  en v iro n m e n t  f o r  t h e  s u c c e s s f u l  o p e r a t i o n  o f  t h e  
s t a t i s t i c a l  q u a l i t y  c o n t r o l  g ro u p .  P e o p le  w i th  t e c h n i c a l  s k i l l  and 
u n d e r s t a n d i n g  o f  human r e l a t i o n s  m us t be s e l e c t e d  and p l a c e d ,  more 
o f t e n ,  i n  a  s t a f f  p o s i t i o n  w hich  h a s  t h e  f u l l  s u p p o r t  o f  and d i r e c t
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com m unica tion  w i th  to p  m anagem ent. S t a t i s t i c a l  q u a l i t y  c o n t r o l  y i e l d s  
maximum r e s u l t s  a s  an  i n t e g r a t e d  a c t i v i t y  w h ich  p e rv a d e s  a l l  u n i t s  o f  
t h e  m a n u fa c tu r in g  o r g a n i z a t i o n .  I n  t h i s  m anner t h e  s t a t i s t i c a l  q u a l i t y  
c o n t r o l  g roup  can  p r o v i d e  management w i th  a  more r e a l i s t i c  o p e r a t i o n a l  
v ie w  o f  i t s  p r o d u c t i v e  f a c i l i t i e s .  The f i r s t  p o r t i o n  o f  t h i s  s t u d y ,  
w h ich  h a s  j u s t  been  sum m arized , i s  d e s ig n e d  t o  p r o v id e  background  
m a t e r i a l  f o r  t h e  a n a l y s i s  o f  t h e  q u a l i t y  c o n t r o l ,  a c t i v i t i e s  o f  a  
m a n u fa c tu r in g  p l a n t .
The p r o d u c t i v e  a c t i v i t i e s  o f  t h e  AMCO Company w ere  a n a ly z e d  
a s  a  p r a c t i c a l  a p p l i c a t i o n  o f  s t a t i s t i c a l  q u a l i t y  c o n t r o l  and r e l a t e d  
management c o n c e p t s .  AMCO h a s  a l a r g e  m a n u fa c tu r in g  p l a n t  em ploy ing  
a b o u t  3 ,0 0 0  p e r s o n s .  The ro c k  b i t  i s  i t s  c h i e f  p r o d u c t  and  AMCO h a s  
e n jo y e d  dom inance i n  t h e  m a rk e t in g  o f  r o c k  b i t s .  The q u a l i t y  r e c o r d  
o f  AMCO ro c k  b i t s  i n  t h e  f i e l d  h a s  b een  e x c e l l e n t  and q u a l i t y  c o n t r o l  
i s  l a r g e l y  b ased  on i n s p e c t i o n .  S t a t i s t i c a l  t e c h n iq u e s  a r e  o c c a s i o n ­
a l l y  u s e d ,  b u t  gauge i n s p e c t i o n  i s  by f a r  t h e  m a jo r  q u a l i t y  c o n t r o l  
a c t i v i t y ,
AMCO h a s  p l a c e d  i t s  q u a l i t y  c o n t r o l  d e p a r tm e n t  i n  an  e x c e l l e n t  
o r g a n i z a t i o n a l  p o s i t i o n .  The q u a l i t y  c o n t r o l  m anager ,  a  man w ith  
e x c e l l e n t  t e c h n i c a l  a b i l i t y  a s  w e l l  a s  u n d e r s t a n d i n g  o f  human r e l a ­
t i o n s ,  r e p o r t s  t o  t h e  V ic e  P r e s i d e n t  i n  c h a rg e  o f  m a n u fa c tu r in g ,  who 
i s  a  member o f  th e  B oard  o f  D i r e c t o r s .  AMCO h a s  p r o f i t e d  from  t h i s  
o r g a n i z a t i o n a l  a r ra n g e m e n t  and h a s  p l a c e d  c o n f id e n c e  i n  t h e  v iew s o f  
t h e  q u a l i t y  c o n t r o l  m anager on s u b j e c t s  o t h e r  t h a n  th o s e  d i r e c t l y  
r e l a t e d  to  t h e  q u a l i t y  o f  m a n u fa c tu re d  p r o d u c t s .  In  t h e  p a s t  few y e a r s  
im provem en ts  have  b een  made i n  q u a l i t y  c o n t r o l  a c t i v i t i e s  a t  AMCO th r o u g h
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more e f f i c i e n t  i n s p e c t i o n  p r o c e d u r e s .  AMCO management g e n e r a l l y  i s  
s a t i s f i e d  w i th  t h e  p r e s e n t  s t a t e  o f  a f f a i r s ,  b u t  t h e r e  a r e  some 
p e r t i n e n t  q u e s t i o n s  r e g a r d i n g  t h e  d e s ig n  s p e c i f i c a t i o n s  and  i n s p e c t i o n  
p r o c e d u r e s  i n  t h e  m a n u fa c tu r in g  o f  r o l l e r  b e a r i n g s  o f  ro c k  b i t s .
The r o l l e r  b e a r i n g  i s  one  o f  th e  m o s t  c r i t i c a l  com ponents  in  
d e t e r m in i n g  t h e  s u c c e s s f u l  f i e l d  p e r fo rm a n c e  o f  ro c k  b i t s .  The r o l l e r  
r a c e s  o f  cones  and h ead  s e c t i o n s  w ere  t h e r e f o r e  s e l e c t e d  f o r  i n t e n s i v e  
s t u d y .  S c rap  and rew o rk  p e r c e n t a g e s  as  r e f l e c t e d  in  m o n th ly  r e p o r t s  
w ere  com pared w i th  t h e  d a t a  s e c u r e d  i n  t h e  s a m p l in g  s e r i e s ,  and some 
d i s c r e p a n c i e s  w ere  c i t e d .  A p p a r e n t ly  some head  s e c t i o n s  a r e  b e in g  
rew o rk ed  b e f o r e  t h e  i n s p e c t o r  c h e c k s  them and th e  r e m a in d e r  o f  t h e  
d i s c r e p a n c i e s  m ust be due  to  i n s p e c t o r  " f l i n c h i n g . "
The B u l l a r d  m i l l s ,  t h e  f i r s t  group o f  m a ch in es  a n a ly z e d ,  showed 
c o n s i d e r a b l e  i n s t a b i l i t y .  The B u l l a r d  m i l l  h a s  d e s ig n  c a p a b i l i t i e s  
i d e n t i c a l  w i th  t h e  s p e c i f i c a t i o n s  f o r  head  s e c t i o n s .  I n  t im e ,  t h e r e ­
f o r e ,  w ear on t h e  e i g h t  s p i n d l e s  w i l l  r e n d e r  t h e  m i l l s  l e s s  and l e s s  
a b l e  t o  m eet s p e c i f i c a t i o n s .  Com parison  o f  t h e  c o n t r o l  c h a r t s  f o r  
means shows t h a t  o p e r a t o r  t e c h n i q u e  i s  r e s p o n s i b l e  f o r  much o f  t h e  
nonrandom  v a r i a t i o n  w hich  can  be  r e d u c e d  o r  ev en  e l i m i n a t e d  by p r o p e r  
i n s t r u c t i o n .  C om parison  o f  c o n t r o l  c h a r t s  f o r  r a n g e s  i n d i c a t e s  t h a t  
w i th i n - s a m p le  v a r i a t i o n  i s  somewhat s t a b l e ,  b u t  t h a t  i t  t a k e s  an 
o p e r a t o r  a  few days  t o  a d j u s t  t o  t h e  c h a r a c t e r i s t i c s  o f  t h e  m a ch in e .  
F i n a l l y ,  some im provem ent can  be made i n  r e p o r t i n g  d e f e c t i v e  h e a d s  and 
t h i s  i n  t u r n  would em p h asize  t h e  d e s i r a b i l i t y  o f  i n s t r u c t i n g  B u l l a r d  
o p e r a t o r s  i n  b e t t e r  t e c h n i q u e s  o f  o p e r a t i o n  so  a s  t o  im prove  q u a l i t y .
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The a n a l y s i s  o f  t h e  co n e  g r in d i n g  o p e r a t i o n  i n d i c a t e s  a  much 
g r e a t e r  d e g r e e  o f  I n s t a b i l i t y  w h ich  i s  due t o  o p e r a t o r  t e c h n i q u e .  The 
sa m p l in g  o f  cone r a c e s  i n d i c a t e s  t h a t  th e  p r o c e s s  i s  n o t  w e l l  c e n t e r e d  
and t h a t  t h e  d i s t r i b u t i o n  o f  c o n e  r a c e  d i a m e te r s  i s  somewhat asymmet­
r i c a l *  i n d i c a t i n g  a  l a c k  o f  p r o c e s s  s t a b i l i t y .  The s k i l l  and wage 
l e v e l  o f  co n e  g r i n d e r s ,  t h e  p o l i c y  f o r  s h i f t i n g  p e r s o n n e l  from  j o b  t o  
jo b  w i th  ch an g e s  i n  t h e  work l o a d ,  and th e  b a s i c  a t t i t u d e s  o f  o p e r a t o r s  
a c c o u n t  f o r  t h e  m a jo r  p a r t  o f  p r e s e n t  p r o c e s s  i n s t a b i l i t y .  C om parison  
o f  c o n t r o l  c h a r t s  f o r  means and r a n g e s  from  sam p lin g  t o  sam p ling  
i n d i c a t e s  t h a t  s u b s t a n t i a l  r e d u c t i o n  i n  p r o d u c t  v a r i a t i o n  i s  w e l l  w i t h i n  
t h e  c o n t r o l  o f  th e  o p e r a t o r s .
I n  a d d i t i o n  t o  r e d u c in g  p r o c e s s  v a r i a t i o n ,  i t  i s  a l s o  w i t h i n  
t h e  c o n t r o l  o f  t h e  o p e r a t o r s  t o  c e n t e r  th e  p r o c e s s  s q u a r e l y  b e tw een  
s p e c i f i c a t i o n  l i m i t s .  Such c e n t e r i n g  would have  a v e r y  n o t i c e a b l e  
e f f e c t  on  t h e  d i s t r i b u t i o n  o f  a s s e m b le d  c l e a r a n c e s .  The r e s u l t s  o f  
t h e  s i m u l a t i o n  show t h a t  i f  a l l  p a r t s  p r e s e n t l y  m a n u fa c tu re d  w ere  
a s s e m b le d ,  o n ly  .627. o f  a s s e m b l ie s  would h a v e  c l e a r a n c e s  g r e a t e r  t h a n  
.011"  an d  none l e s s  t h a n  .0 0 3 " .  I f  t h e  d i s t r i b u t i o n s  o f  cones  and 
head  s e c t i o n s  were c e n t e r e d  b e tw een  th e  s p e c i f i c a t i o n  l i m i t s  and 
r e d u c e d  i n  d i s p e r s i o n  a s  i n d i c a t e d  by th e  c o n t r o l  c h a r t s  f o r  m a ch in es  
show ing good s t a t i s t i c a l  c o n t r o l ,  t h e  mean o f  t h e  d i s t r i b u t i o n  o f  
a ssem b led  c l e a r a n c e s  would s h i f t  t o  .007"  a n d  t h e  a s s e m b le d  c l e a r a n c e s  
o f  t h i r d s ,  u t i l i z i n g  a l l  i tem s  p ro d u c e d ,  w ou ld  l i e  w i t h i n  t h e  s p e c i f i ­
c a t i o n  l i m i t s .  I n  s u c h  c i r c u m s ta n c e s  1007. i n s p e c t i o n  w ould  c e r t a i n l y  
n o t  be r e q u i r e d ;  r a t h e r ,  p a t r o l  i n s p e c t i o n  u t i l i z i n g  a  s a m p l in g  p l a n  
would be  s u f f i c i e n t .  The s h i f t i n g  o f  t h e  a v e r a g e  c l e a r a n c e  i s
226
d e s i r a b l e  f ro m  two p o i n t s  o f  v ie w :  ( 1 ) a s s e m b le r s  can d e t e c t  v e ry
t i g h t  f i t s ,  i . e . ,  l e s s  t h a n  . 0 0 3 " ,  and a v o id  them , and (2 )  u s e r s  o f  
ro c k  b i t s  p r e f e r  t i g h t  f i t s  b e tw ee n  c o n e s  and head  s e c t i o n s .
I n  o r d e r  t o  a c h i e v e  t h e  im provem ents  j u s t  m e n t io n e d ,  i t  would 
be  n e c e s s a r y  t o  t r a i n  t h e  o p e r a t o r s  i n  m ach ine  p r o c e d u r e s  a n d  i n s t r u c t  
s u p e r v i s o r y  p e r s o n n e l  i n  s t a t i s t i c a l  q u a l i t y  c o n t r o l  t e c h n i q u e s .  The 
e x c e l l e n t  r e s u l t s  shown In  some c o n t r o l  c h a r t s  a r e  p a r t i a l l y  due to  
t h e  s k i l l  o f  some a b o v e - a v e r a g e  o p e r a t o r s .  O th e r  o p e r a t o r s  c a n ,  n e v e r ­
t h e l e s s ,  a c h ie v e  m arked  im provem ents  i n  t h e i r  p r o d u c t i o n  o f  co n es  o r  
head  s e c t i o n s  th ro u g h  p r o p e r  m o t i v a t i o n  and i n c e n t i v e .
The movement o f  o p e r a t o r s  from  m ach ine  t o  m achine i n  t h e  cone  
g r i n d i n g  d e p a r tm e n t  h a s  been  v o ic e d  a s  a  m a jo r  c o n t r i b u t i n g  f a c t o r  t o  
q u a l i t y  i n s t a b i l i t y .  The c o n t r o l  c h a r t s  i n d i c a t e  such movement i s  much 
l e s s  a  f a c t o r  th a n  i s  t h e  b a s i c  a t t i t u d e  o f  t h e  o p e r a t o r  to w a rd  t h e  
p e r fo rm a n c e  o f  h i s  j o b .  A c t u a l l y ,  r e l a t i v e l y  l i t t l e  a d d i t i o n a l  e f f o r t  
on  th e  p a r t  o f  cone g r i n d e r  o p e r a t o r s  c a n  p ro d u c e  s u b s t a n t i a l  im prove­
m e n ts .  T h e re  i s  an  o b s t a c l e  t o  such  im provem ents  and i t  i s  i n d i c a t e d  
by  t h e  a v e r a g e  l e n g t h  o f  s e r v i c e  o f  o p e r a t o r s  w h ich  i s  i n  e x c e s s  o f  
15 y e a r s .  I t  must be  r e c o g n i z e d  t h a t  m o t i v a t i n g  o p e r a t o r s  w i t h  lo n g  
s e r v i c e  t o  change  t h e i r  e s t a b l i s h e d  o p e r a t i n g  p r o c e d u re s  w o u ld  r e q u i r e  
a  t a c t f u l  ap p ro a c h  and  e f f e c t i v e  m a n a g e r i a l  l e a d e r s h i p .
S u b s t a n t i a l  im provem ent i n  te rm s  o f  d i s p e r s i o n  and  c e n t e r i n g  
c a n  be a t t a i n e d  In  t h e  c a s e  o f  cone g r i n d e r s ,  w h i le  some im provem ent 
i n  head  s e c t i o n  p r o d u c t i o n  c a n  a l s o  be a c h i e v e d .  C o n s id e r in g  th e  
r e l a t i o n s h i p  o f  d e s i g n  s p e c i f i c a t i o n s  w i th  p r o c e s s  c a p a b i l i t i e s ,  i t  
c a n  be s u g g e s te d  t h a t  a c c e p ta n c e  l i m i t s  o n 'h e a d  s e c t i o n s  b e  r e l a x e d
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whiLs t h o s e  f o r  co n es  be t i g h t e n e d .  T h e r e  would b e  no n e t  e f f e c t  on  
th e  d i s t r i b u t i o n  o f  a s sem b led  c l e a r a n c e s ,  and once  t h e  cone g r i n d e r  
o p e r a t o r s  became a d j u s t e d  to  t h e  new a c c e p ta n c e  l i m i t s ,  i n s p e c t i o n  
cou ld  be  s u b s t a n t i a l l y  r e d u c e d .  On t h e  o t h e r  h a n d ,  r e l a x a t i o n  o f  
a c c e p ta n c e  l i m i t s  w ould  p o s s i b l y  l e a d  to  l a x i t y  on  t h e  p a r t  o f  o p e ra ­
t o r s ,  w h i l e  t i g h t e n i n g  o f  l i m i t s  m igh t l e a d  to  a  n e g a t i v e  r e a c t i o n  on 
th e  p a r t  o f  cone g r i n d e r ,  o p e r a t o r s .  To o f f s e t  t h e  te n d e n c y  to w a rd  
l a x i t y ,  some p o l i c y  s h o u ld  be  a d o p te d  t o  a s s i g n  r e s p o n s i b i l i t y  f o r  
p r o d u c t i o n  o f  d e f e c t i v e  p a r t s  t o  t h e  i n d i v i d u a l  o p e r a t o r .  The s t a n d ­
a rd  r a t e  in c lu d e s  a l l  p i e c e s  p ro d u ced  i n c l u d i n g  d e f e c t i v e s .  I n c l u s i o n  
o f  a  c l a u s e  which w ould  d e d u c t  d e f e c t i v e s  from  c o n s i d e r a t i o n  a s  a p a r t  
o f  t h e  d a i l y  q u o ta  w ould  h e l p  t o  fo c u s  o p e r a t o r  a t t e n t i o n  on q u a l i t y  
o f  o u t p u t .  The d e t e c t i o n  o f  d e f e c t i v e s  w o u ld ,  o f  c o u r s e ,  im p ly  t h e  
u s e  o f  some s o r t  o f  i n s p e c t i o n  p l a n .
To f o r e s t a l l  any n e g a t i v e  r e a c t i o n  t o  t i g h t e n e d  a c c e p ta n c e  
l i m i t s ,  a  p o s i t i v e  a p p ro a c h  s h o u ld  be u t i l i z e d  to  g a i n  im provem ents  
i n  p r o d u c t  q u a l i t y  and  p r o c e s s  d i s p e r s i o n .  The n u c l e u s  o f  o p e r a t o r s  
used  i n  t h e  t h i r d  sa m p lin g  c o u ld  form  t h e  p i l o t  g ro u p  t o  show t h a t  
d i s p e r s i o n  can  be s u b s t a n t i a l l y  r e d u c e d  i n  normal o p e r a t i o n  w i t h  l i t t l e  
a d d i t i o n a l  e f f o r t .  On th e  b a s i s  o f  t h e  p e r fo rm a n c e  o f  t h e  p i l o t  g ro u p ,  
an  a p p e a l  t o  s e n s e  o f  p r i d e  o f  a c h ie v e m e n t  o f  t h e  re m a in d e r  o f  t h e  
o p e r a t o r s ,  and p e r h a p s  a  f r i e n d l y  c o m p e t i t i o n  c o u ld  b e  s e t  up among 
o p e r a t o r s  t o  m a i n t a i n  t h e  im provem en t.  Any t i g h t e n i n g  o f  a c c e p ta n c e  
l i m i t s  w ould  th e n  be a  f o r m a l i t y  o f  c o n f i r m in g  w hat h a s  been  a c c o m p l i s h e d .
A re v ie w  o f  d e s ig n  s p e c i f i c a t i o n s  i s  d e f i n i t e l y  i n  o r d e r ,  f o r  
t h e  p r e s e n t  p r a c t i c e  o f  a c c e p ta n c e  w hich i s  n o t  i n  a c c o rd  w i th  e x i s t i n g
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s p e c i f i c a t i o n s  h a s  n o t  im p a i r e d  an  e x c e l l e n t  r e c o r d  o f  f i e l d  
p e r fo rm a n c e .  I t  a p p e a r s  t h a t  t h e  e x i s t i n g  s p e c i f i c a t i o n s  a r e  so m e th in g  
o f  a  " s a c r e d  cow*' and h av e  l e d  to  n e e d l e s s  s c r a p ,  re w o rk ,  and in s p e c ­
t i o n  c o s t s .  C o n s id e r in g  t h a t  t h e  co n e  g r i n d i n g  and head  s e c t i o n  
m i l l i n g  o p e r a t i o n s  can  be  im proved i n  d i s p e r s i o n  and c e n t e r i n g ,  i t  i s  
l i k e l y  t h a t  t h e  random assem bly  o f  a l l  p a r t s  p ro d u ced  w i t h i n  a  ra n g e  
o f ,  s a y ,  . 0 0 0 " t o  p l u s  o r  m inus .0 0 6 "  would p ro d u c e  no assem b led  
c l e a r a n c e s  s m a l l e r  t h a n  .0 0 3 "  o r  l a r g e r  th a n  .0 1 1 " .  S in c e  t i g h t  f i t s  
can  be d e t e c t e d  d u r in g  a s sem b ly  and a v o id e d ,  t h e  o n ly  d i s a d v a n ta g e  
looms i n  l a r g e r  f i t s ,  b u t  t h e  p r o b a b i l i t y  o f  o b t a i n i n g  a  f i t  l a r g e r  
t h a n  . 0 1 1 " ,  o n ce  t h e  cone  g r i n d i n g  o p e r a t i o n  i s  c e n t e r e d  and re d u c e d  
i n  d i s p e r s i o n ,  i s  v e ry  s m a l l  in d e e d .  I t  c o u ld  be a rg u ed  t h a t  r e l a x e d  
a c c e p ta n c e  o f  t h e  l i m i t s  o f  . 0 0 0 " and p l u s  o r  m inus . 0 0 6 "  would l e a d  
to  o p e r a t o r  l a x i t y ,  b u t  su c h  a  te n d e n c y  can  be c o n t r o l l e d  th ro u g h  t h e  
p o l i c y  change  i n  a s s i g n i n g  o p e r a t o r  r e s p o n s i b i l i t y  f o r  p r o d u c t i o n  o f  
d e f e c t i v e s ,  p o s i t i v e  m o t i v a t i o n ,  and s u p e r v i s i o n  by l i n e  s u p e r v i s o r s  
p r e v i o u s l y  s u g g e s te d .
R e g a r d l e s s  o f  w hat a c c e p ta n c e  l i m i t s  a r e  u l t i m a t e l y  c h o se n ,  
i n s p e c t o r s  s h o u ld  be i n s t r u c t e d  t o  a v o id  c o n s c io u s l y  t h e  te n d e n c y  
tow ard  " f l i n c h i n g , "  S c ra p  and rew o rk  r e p o r t s  a r e  d i s t o r t e d  b eca u se  
o f  " f l i n c h i n g , "  and  o p e r a t o r s ,  know ing t h a t  i n s p e c t o r s  a c c e p t  " b o r d e r ­
l i n e "  p a r t s ,  t e n d  t o  r e l a x  t h e i r  e f f o r t s  t o  a v o id  v a r i a t i o n  among 
p ro d u c e d  p a r t s .
The e s t i m a t e d  a n n u a l  c o s t  o f  s c r a p  and rew ork  f o r  co n es  and 
head  s e c t i o n s  i s  i n  e x c e s s  o f  $ 4 3 ,0 0 0 .  On t h e  b a s i s  o f  t h e  ch an g e s  
recommended i n  t h i s  s t u d y ,  i t  i s  e s t i m a t e d  t h a t  a t  l e a s t  h a l f  t h i s  amount 
c o u ld  be  sav ed  e a c h  y e a r  w h i l e  t h e  f i n a l  p r o d u c t  would be  o f  a  h i g h e r
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and more c o n s i s t e n t  q u a l i t y .  The d e c i s i o n  t o  t a k e  a d v a n ta g e  o f  such  
s a v in g s  r e s t s  w i th  m anagem ent, an d  t h e r e  h a s  b e e n  an  i n d i c a t i o n  t h a t  
a t  l e a s t  some o f  t h e  f i n d i n g s  o f  t h i s  s tu d y  w i l l  be  u t i l i z e d .
The t h e s i s  o f  t h i s  d i s s e r t a t i o n  s t a t e s  t h a t  s t a t i s t i c a l  q u a l i t y  
c o n t r o l  t e c h n i q u e s  p r o v id e  management w i th  t h e  t o o l s  n e c e s s a r y  f o r  
making r a t i o n a l  d e c i s i o n s  w i th  r e g a r d  to  q u a l i t y .  The s tu d y  demon­
s t r a t e s  t h a t  a l th o u g h  somewhat s a t i s f a c t o r y  r e s u l t s  c a n  be o b t a i n e d  
th ro u g h  t h e  u se  o f  n o n s t a t i s t i c a l  gauge i n s p e c t i o n ,  su ch  i n s p e c t i o n  
a lo n e  c a n n o t  d e s c r i b e  t h e  n a t u r e  o f  t h e  v a r i a t i o n  o f  a  m a n u fa c tu r in g  
p r o c e s s .  A ls o ,  a d d i t i o n a l  c o s t s  and i n s p e c t i o n ,  p a r t i c u l a r l y  1007* 
i n s p e c t i o n ,  r e s u l t  from  t h e  e x c l u s i v e  u s e  o f  gauge  i n s p e c t i o n .  The 
t h e s i s  im p l i e s  t h a t  r a t i o n a l  d e c i s i o n s  a r e  p o s s i b l e  th ro u g h  th e  
i n t e g r a t e d  u s e  o f  s t a t i s t i c a l  q u a l i t y  c o n t r o l ,  w h ich  depends on  
m a n ag em e n t 's  r e c o g n i t i o n  o f  i n t r i n s i c  v a r i a t i o n  and  t h e  p r o v i s i o n  o f  
a- q u a l i f i e d  s t a f f  g roup  t h a t  com m unica tes  d i r e c t l y  w i t h  to p  management. 
Such u s e  o f  s t a t i s t i c a l  q u a l i t y  c o n t r o l  t e c h n iq u e s  e n a b le s  th e  
d e t e c t i o n  o f  and p r o v i d e s  t h e  means f o r  s o lv in g  q u a l i t y  p ro b lem s  o f  
a  b a s i c a l l y  human o r i g i n .  F i n a l l y ,  th e  a n a l y t i c a l  p a r t  o f  t h i s  s tu d y  
i s  a  p r a c t i c a l  s u p p lem en t  t o  t h e  t h e o r e t i c a l  c o n c e p t s  p r e s e n te d  and 
a l l  p o r t i o n s  c o n f i rm  t h e  t h e s i s  i n  a l l  i t s  a s p e c t s .
4SELECTED BIBLIOGRAPHY
230
SELECTED BIBLIOGRAPHY
Books
A l b e r s ,  Henry H. O rg a n iz e d  E x e c u t iv e  A c t io n . New York: John  Wiley
& Sons, 1961 . Pp. 4 0 8 -4 1 2 .
A m rine, H a ro ld  T . ,  John  A. R ichey  and  O l i v e r  S. H u l l e y .  M a n u fa c tu r in g  
O r g a n i z a t i o n  and Management. Englewood C l i f f s ,  New J e r s e y :  
P r e n t i c e - H a l l ,  I n c . ,  1957. Pp. 319-338 .
B u r r ,  I r v i n g  W. E n g in e e r in g  S t a t i s t i c s  and Q u a l i t y  C o n t r o l . New 
Y ork : M cGraw-Hill Book Company, I n c . ,  1953. Pp. x i  + 442 .
Cowden, Dudley J .  S t a t i s t i c a l  M ethods i n  Q u a l i t y  C o n t r o l . Englewood 
C l i f f s ,  New J e r s e y :  P r e n t i c e - H a l l ,  I n c . ,  1957. Pp. x x iv  + 727.
C ro x to n ,  F r e d e r i c k  E. and D udley J .  Cowden. A p p l ie d  G e n e ra l  S t a t i s t i c s . 
Second E d i t i o n .  Englewood C l i f f s ,  New J e r s e y :  P r e n t i c e - H a l l ,  I n c . ,
1955. P p .  706-707 .
Duncan, A cheson J .  Q u a l i t y  C o n tro l  and  I n d u s t r i a l  S t a t i s t i c s . R ev ise d  
E d i t i o n .  Homewood, I l l i n o i s :  R ic h a rd  D. I r w i n ,  I n c . ,  1959.
P p . x x x i i i  + 946.
E n r i c k ,  N o rb e r t  L . Q u a l i t y  C o n t r o l - -A  Manual o f  Q u a l i t y  C o n t r o l  
P ro c e d u re  B ased upon S c i e n t i f i c  P r i n c i p l e s  and S i m p l i f i e d  f o r  
P r a c t i c a l  A p p l i c a t i o n  i n  V a r io u s  Types o f  M a n u fa c tu r in g  P l a n t s . 
Second E n la r g e d  E d i t i o n .  New Y ork : The I n d u s t r i a l  P r e s s ,  1954.
P p . ix  + 181.
F reem an , H. A. I n d u s t r i a l  S t a t i s t i c s . New Y ork : John  W iley  & S ons ,
I n c . ,  1942. Pp. i x  + 178.
G r a n t ,  Eugene L. S t a t i s t i c a l  Q u a l i t y  C o n t r o l . Second E d i t i o n .  New 
Y ork : M cGraw-Hill Book Company, I n c . ,  1952. Pp. x v i  + 557.
H e id e ,  Jo h n  D. I n d u s t r i a l  P r o c e s s  C o n tro l  by S t a t i s t i c a l  M ethods .
F i r s t  E d i t i o n .  New Y ork : M cGraw-Hill Book Company, I n c . ,  1952.
Pp . ix  + 297.
J u r a n ,  J .  M. Q u a l i t y - C o n t r o l  Handbook. New Y ork : M cGraw-Hill Book
Company, I n c . ,  1951. Pp. v i i i  + 80Q.
231
23 2
Kurnow, E r n e s t ,  G e ra ld  J .  G l a s s e r  and  F r e d e r i c k  R. O ttm an . S t a t i s t i c s  
f o r  B u s in e s s  D e c i s i o n s .  Homewood, I l l i n o i s :  R ic h a rd  D. I r w in ,
1959. P p .  12^ W.
M acNiece, E. H. P r o d u c t i o n  F o r e c a s t i n g , P l a n n i n g , and C o n t r o l . New 
York: J o h n  Wiley St S ons ,  1951. Pp. 203-214 .
M oore, F r a n k l i n  G. M a n u fa c tu r in g  M anagement. Homewood, I l l i n o i s :  
R ic h a rd  D. I r w in ,  1958. Pp. 6 5 2 -6 9 7 .
Owens, R ic h a rd  N. Management o f  I n d u s t r i a l  E n t e r p r i s e s . F o u r th
E d i t i o n .  Homewood, I l l i n o i s :  R ic h a r d  D. I r w in ,  1961. Pp. 321-
336.
P e a c h ,  P a u l .  I n d u s t r i a l  S t a t i s t i c s  and  Q u a l i t y  C o n t r o l . Second
E d i t i o n .  R a l e ig h ,  N o r th  C a r o l i n a :  Edwards & B rough ton  C o . ,  1947.
Pp. xv + 235.
P e t e r s o n ,  E lm o re  and E. G ro sv e n o r  Plowman. B u s in e s s  O r g a n i z a t i o n  and 
Management. Homewood, I l l i n o i s :  R ic h a rd  D. I r w in ,  1948. Pp.
258-259 .
R i s s i k ,  H. Q u a l i t y  C o n t r o l  i n  P r o d u c t i o n . London: S i r  I s a a c  P i tm a n
and S o n s ,  L im i t e d ,  1947. Pp. x v i i  + 181.
R u th e r f o r d ,  J o h n  G. Q u a l i t y  C o n t ro l  i n  I n d u s t r y - - Methods and S y s te m s .
London: S i r  I s a a c  P i tm an  and S o n s ,  L im i t e d ,  1948. P p .  x v i i  + 201.
S c h ro c k ,  Edward M. Q u a l i t y  C o n tro l  and  S t a t i s t i c a l  M ethods . Second 
E d i t i o n .  New Y ork : R e in h o ld  P u b l i s h i n g  C o r p o r a t i o n ,  1957. Pp .
x i i i  + 2 4 6 .
S h ew h ar t ,  W. A. Economic C o n tro l  o f  Q u a l i t y  o f  M an u fac tu red  P r o d u c t . 
Second E d i t i o n .  New York: D. Van N o s t ra n d  Company, I n c . ,  1931.
Pp. x i v  + 501.
T e r r y ,  G eorge R. P r i n c i p l e s  of M anagement. R e v ise d  E d i t i o n .  Homewood, 
I l l i n o i s :  R ic h a rd  D. I r w in ,  I9 6 0 ,  Pp. 120-126 .
W a l l i s ,  W. A l l e n  and H a r ry  V. R o b e r t s .  S t a t i s t i c s --A  New A pproach . 
G le n c o e ,  I l l i n o i s :  The F re e  P r e s s ,  1956. Pp. x x x v i i  + 646.
P e r i o d i c a l s
Boyd, D. F. " O p e r a t io n s  R e s e a rc h  i n  I n d u s t r y , "  I n d u s t r i a l  Q u a l i ty  
C o n t r o l , XI (May, 1 9 5 5 ) ,  56.
Brown, T h e o d o re  H. " Q u a l i t y  C o n t r o l , "  H arvard  B u s in e s s  R ev iew , XXIX 
(Novem ber, 1951 ) ,  6 9 -8 0 .
D u d ley ,  J .  W. " I n v e n t o r y  P o l i c y  by C o n t ro l  C h a r t , "  I n d u s t r i a l  Q u a l i t y  
C o n t r o l , XVI ( J a n u a r y ,  1 9 6 0 ) ,  4 .
" E x p l o r a t i o n  Showing i s  W orst i n  12 Y e a r s , "  The O i l  and Gas J o u r n a l ,
LIX (March 20 , 1 9 6 1 ) ,  6 6 - 6 8 .
F oy , T . D. " A p p ly in g  Q u a l i t y  C o n t r o l  E f f e c t i v e l y , "  M achine D e s ig n , 
XXVIII (November, 1 9 4 6 ) ,  128.
Good, Ray W. " Q u a l i t y  C o n tro l  i n  R e l a t i o n  t o  Time S t u d y , "  I n d u s t r i a l  
Q u a l i t y  C o n t r o l , IV (S e p te m b e r ,  1 9 4 7 ) ,  13.
J o n e s ,  Howard L. "Some P ro b lem s  in  S am p lin g  A c c o u n t in g  R e c o r d s , "  
I n d u s t r i a l  Q u a l i t y  C o n t r o l , X (Sep tem ber*  1 9 5 3 ) ,  6 .
J u r a n ,  J .  M. " A p p l i c a t i o n s  o f  S t a t i s t i c s  t o  t h e  S c ie n c e  o f  M anagement, 
M ech an ica l  E n g i n e e r i n g , LXXI ( A p r i l ,  1 9 4 9 ) ,  332.
L i t t a u e r ,  S. B. "The D evelopm ent o f  S t a t i s t i c a l  Q u a l i t y  C o n tro l  i n  
t h e  U n i te d  S t a t e s , "  A m erican  S t a t i s t i c i a n ,  IV ( F e b r u a r y ,  1 9 5 1 ) ,
15.
M urdock, B e n n e t t  B. "Some A s p e c t s  o f  Q u a l i t y  C o n tro l  a s  A p p lie d  t o  
C l e r i c a l  O p e r a t i o n s , "  I n d u s t r i a l  Q u a l i t y  C o n t r o l , V I I  ( A p r i l ,  
1 9 5 1 ) ,  39.
O lm s te a d ,  P a u l  S. "QC C o n cep ts  U se fu l  i n  OR," I n d u s t r i a l  Q u a l i t y  
C o n t r o l , X I I I  ( O c to b e r ,  1 9 5 5 ) ,  15.
R o s a n d e r ,  A. C. " P r o b a b i l i t y  S t a t i s t i c s  A p p l ie d  t o  T ax  R e t u r n s , "  
I n d u s t r i a l  Q u a l i t y  C o n t r o l ,  IX (May, 19 5 3 ) ,  46.
" S t a t i s t i c s  and Q u a l i t y  C o n t ro l  i n  E n g in e e r in g  C o u r s e s , "  I n d u s t r i a l  
Q u a l i t y  C o n t r o l ,  VI ( J a n u a r y ,  1 9 5 0 ) ,  27.
VITA
VITA
Law rence L. S ch k ad e ,  t h e  so n  o f  Mr. and M rs. H. W. S c h k a d e ,  
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I n  1959 he resum ed  g r a d u a t e  s tu d y  a t  L o u i s i a n a  S t a t e  U n i v e r s i t y  
and in  I960 a c c e p te d  a  p o s i t i o n  a s  A s s i s t a n t  P r o f e s s o r  o f  Management 
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s i t y  and h a s  c o n t in u e d  w ork ing  tow ard  t h e  d e g r e e  o f  D o c to r  o f  
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